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hmarﬁnthuﬁupgweilii TTAGTGECTGAGT T TAMCAGRACCTE NGO TETATAC TECASATEGATE NI TEAAT T T RQT 454
Zmarantnag ratrotlexis AT A G LA T AAGAGA O T GOT DA T AT AL T EHEGTHY UV SARAT U AGT Uha
Sk AR R X A WKW A RKAF KA A ARF AL TR A KRS A IR K AR A SNk R A KRk ARk A N x
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Amarantngs :‘:j{-‘.’i_ﬂa,:‘ﬁ-u:ﬂ AALEA A ARA T TG TUGAA T M GA AL GLA T P GHY GGU T AGT AT M A n P 1005
Ararantinus powelliln CAACGAATTCAGCGARATTTOTCCAATTCACACO TATTCCCUNGOCTAGTATTT T AL TCCGH RN
Anarantnus rnevrrvrorllexus A AGRL T TGAGGARL TG L CGAR T TG AGG AT T CGETOGUTAGTAL T TAR TGGEES IR SN
A S I R e A e T A A B O A . S T R CRE ol A S S S it A S A S S g e S T
Anmarantnus tuberculatusg GGG T T U PG AT G AT GA T T AT CA I AAAT G I CGCAATGUALCCGGACT LUbho
Amarantnus paimeni TlCGEEGCTTTCCOTTETACTEATCAT N TATCAC T TCATAVNG T TEEEAAT GCATGGGACT a5
Amarantnus Spincsus TT GGG TTCOC T TOTACTGATGAT T TATCACT TCATATGT UG OGAAT GUATCEGALT 1065
Amarantius DOWaLLill TTEGGGCCTTTCCITTG ﬂftifT'GﬂI‘t??ﬁ.TTT WO PCTTCATAY O T TOGOAAT RCACGLGGACT 10
Amaranthus retroflaxus TTCGEGOCTTTCCUT TG TACTBATCATTTATUTCTTCATATGY TGECARTOCACEGGACT 1074
ANXKRP AFARHEANFHIAXRNAAXR K AL IR A ELCN AL ARAEXN WA X RN R ERRES SRR KRw» b %
ATt ranunas U erculatas TG TACGEGAA T LA GOGGT ERATAASGC TGAT T TG T TGO T TCO TTTCEICGTTAGGTTT L8
pmaTanthas paimerid GUETACCOSAANTTTADCOS '--J‘T_.'? SATAAGGUCEAY ST TGN T CO T T S GGE T ACG T 1i2h
rraranthug spinosus CGTETACGOGAATTACECEG | TN GATARGGCCEAT T I TGO T TCN YT OGGEGETTTAGE T LIz 5
ATHaTAr }f-.‘-:t-E:--__E.‘JC:""e 4114 ST O A GO AT Al GGG T AT AL GG GAT T T LG M TG T T T REEEGTTAGETTT 1124
Amsranthugs retrotleaxus GTETACCOGAAT TACCCEETIGAT RAGGLOGATNL T TG TEOTTT REEEETTALGTTY L
N e T i i I T Ll A N I T T o T
Amarantinus tukerculatus GATGATCGAGTGATTEEEAAGCTCGAGGLUGT T TEUTACCCGGEUTAAGRTTGTGCALCATC HRPRS
Armaranthus paimerl GATGATCGAGTGACTEGTAASC T TEAGHLEGTTTEUTACCUGESCTAAS %“TbTTTLWETﬁ 1L85
Amaranthusg spincsus GATCATCCAGTEAC TEOTAACCT TECACGTE *IGCTwCCCGJuLTwiuﬁﬂTimSuﬁElTG 1IRE
Amnmaranbhus powelills GATGATCEGAGTGACTGETAAGCTCGAGGCGT T TGCTACCCGLLCTAAGAT TEGTGUACATT 1194
Amaranthus rerroflexuns AT AT GAG TG TG T A G T oG ACGC G T T T ECTAGCCGHRGC T ARG T TETORAC KT 1094
xh bttt rEAaAEY wA LA ArwawhktrdamAbdhbaA A b bkt ek e b d ko w R
Anarantnus tuberculatuszs B AT G AT T TG T EAAR TCCESAAGBA T AL AR T A TG TG T OCAT I TGTGETEAT 1238
Ammarantius Daimani GO AT CGAT T EI TSAAATCEEGAAGAATAMSCAND S TOATTGUETCGAT T TCTEETEAT IR
Amarantnus spinQsus CATATCEAT TN EUTGAARTCEECAAGAATAAGTARCC TR TG UETCGATTTGEUEETERT TAAN
Amaranthnus poweLill GO A GAT T G T GARN TOCGGAAGCANT AR SCAAD T CATGTETCGATII G EGTEAT 12k4
Amarantnus revrorlewus S TATCGA T T T T GARRATCCECCAACAA T AR CAACCTCATG TG OGAT TTETCGTEAT 1204
E S I B S A T T T A S e A i S S LR S S I T U I N N R T i A A A A S R S IR T B S TR R O By
Amarantnus Tuberculatus GUTARLGTEECAT N ACGGEGE T TGAAT AN TAT TTTEEAATOTAGAMNAGEAAAGETHALAN AT RS
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HIGH THROUGHPUT METHOD TO
GENOTYPE PLANTS

REFERENCE TO RELATED APPLICATIONS

This application claims priority to previously filed and
provisional application U.S. Ser. No. 62/336,207, filed May
13, 2016, the contents of which are incorporated herein by

reference 1n its entirety and provisional application U.S. Ser.
No. 62/462,219 filed Feb. 22, 2017 the contents of which are

incorporated herein by reference 1n 1ts entirety.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted 1n ASCII format via EFS-Web and 1s
hereby 1incorporated by reference in its entirety. Said ASCII

copy, created on May 5, 2017, 1s named CSURF_SEQ_ST25
and 1s 33,083 bytes 1n size.

BACKGROUND

In any particular geographic area, whether aquatic or land,
it 1s often desirable to determine 1n a population of plants the
genotype of those plants. A particular challenge 1s when 1n
a population of plants there exists more than one species of
a genus ol the plant, where one or more species has a
characteristic distinct from the other, yet 1s morphologically
indistinct. An example of such a situation 1s where within a
population of plants, the wild type species 1s inter-planted
with another species that 1s more aggressive, more resistant
to herbicide application, or has another undesirable charac-
teristic. This 1s complicated further when the species inter-
breed, producing a hybrid.

An example 1s watermilfoil plants of the genus Myrio-
phyvllum. The mvasive aquatic plant Eurasian watermilfoil
(Myriophyllum spicatum L.) readily hybridizes with the
related North American native species northern watermilfoil
(M. sibirvicum Kom.). Hybrid watermilioil (M. spicatumxM.
sibiricum) populations have higher fitness and reduced sen-
sitivity to some commonly used herbicides, making man-
agement more dithicult. There 1s growing concern that man-
agement practices using herbicides with mixed populations
such as watermilfoil species may further select for hybnd
individuals due to the difference in herbicide sensitivity.
Accurate and cost-eflective identification of hybrid indi-
viduals within populations 1s therefore critical for manage-
ment decisions.

Still another example are the land plants of the genus
Amaranthus. Palmer amaranth (Amaranthus palmeri) and
waterhemp (Amaranthus tuberculatus) are 1important weed
species that can contaminate seeds for sale (e.g., wildflow-
ers, native grasses). Palmer amaranth has been listed as a
prohibited noxious weed species 1n some US states, meaning,
that a seed lot containing Palmer amaranth may not legally
be sold. Waterhemp 1s prohibited from seeds for sale in
Canada and China. Waterhemp and Palmer amaranth seeds
cannot be distinguished visually from other, non-noxious
Amaranthus species, such as redroot pigweed (Amaranthus
retroflexus), smooth pigweed (Amaranthus hybridus), and
spiny amaranth (Amaranthus spinosus). There 1s no fast and
inexpensive method for the seed testing industry to reliably
assess bulked amaranth seed samples as containing Palmer
amaranth or not. Therefore, the seed production and analysis
industry has considerable interest 1n a DNA-based test to
identily the presence ol any Palmer amaranth and water-
hemp seeds.
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2
SUMMARY

A method for determining the genotype of a population of
plants 1s provided with a system using at least three primers,
a first primer recognizing a target sequence specific to a
species ol the plant genus of interest, a second primer
recognizing a target in the second species, and a third primer
recognizing a third target sequence in both the first and
second species or group of species. Under proper amplifi-
cation conditions, a DNA-containing sample produces a
measurable signal that allows the sample to be sample
determined as a member of the first or second species, a
mixture of the species, or a hybrid. Multiple species may be
determined 1n this manner. The process provides for fast
identification of a large number of samples such that the
population of plants can be genotyped. In one example,
proper application of appropriate herbicide or other control
measures to the population may be more accurately deter-
mined as a result of such genotyping. In an embodiment, the
process 1s repeated three times with different target
sequences and the results analyzed to produce increased
accuracy of genotyping. Another embodiment provides for a
control for comparison of results by transforming bacteria
with one of the target sequences, or a 1:1 mixture of the two

target sequences, contacting the plasmids with the primers to
produce a measurable signal for control measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graphic representation of the cloning strategy
for two plasmid inserts 1n the pUCS7-Kan plasmid. The
clonming strategy and insert size is identical for the two
plasmids, so a generic map 1s given that represents the
strategy for both plasmids.

FIGS. 2A-C are graphs showing KASP results for plas-
mids containing the M_Sib_Positive_Control (¥), M_Spi_
Positive_Control (A), 1:1 mixture of the two to represent
hybrids (@), and no template controls (). FIGS. 2 A, B, and
C are SNPs 118, 363, and 478, respectively. Dashed lines
represent cutoils for making genotyping calls. The solid
quarter circle line 1s the cutoll for no-amplification.

FIGS. 3A-C are graphs showing KASP assays for SNPs
118 (A), 363 (B), and 478 (C) from 16 lab biotypes (eight
known inter-specific hybrids and eight known M. spicatum
biotypes. M_Sib_Positive_Control (V¥), M_Spi_Positive_
Control (A), a 1:1 mixture of the two to represent hybrids
(@), no template controls (M), and known watermilfoil
biotypes (@). Dashed lines represent cutoffs for making
genotyping calls. The solid quarter circle line 1s the cutodl for
no-amplification.

FIGS. 4A-F are graphs showing KASP assays for SNPs
118, 363, and 478 from wild collections of unknown water-
milfoil individuals from Rainbow Lake (A, B, C) and
Walleye Lake (D, E, F).

FIGS. 5A-B 1s an alignment of the Internal Transcribed
Spacer (I'TS) region from nine Amaranthus species with A
showing polymorphism that differentiates Palmer amaranth
with ©" and Panel B polymorphism that differentiates water-
hemp with .

FIGS. 6 A-C 1s an alignment of nine Amaranthus species
of the ITS genomic region.

FIG. 7 1s an alignment of the acetolactate synthase (ALS)
gene from five Amaranthus species showing polymorphism
that differentiates waterhemp indicated with ~.

FIGS. 8A-E 1s an alignment of the ALS gene from five

Amaranthus species.
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FIG. 9 1s a graph showing results of an assay where
Palmer amaranth 1s i1dentified with a FAM forward primer

and all other Amaranthus species identified with forward
primer HEX. NTC refers to no template controls.

FIG. 10 1s a graph showing results of an assay where
Palmer amaranth 1s i1dentified with a FAM forward primer
and all other Amaranthus species identified with forward
primer HEX. NTC refers to no template controls.

FIG. 11 1s a graph showing results of an assay where
waterhemp 1s 1dentified with forward primer FAM and all
other Amaranthus species i1dentified by forward primer
HEX. NTC refers to no template controls.

FIG. 12 1s a graph showing results of an assay where
waterhemp 1s 1dentified with forward primer FAM and all
other Amaranthus species i1dentified by forward primer
HEX. NTC refers to no template controls.

FIG. 13 1s a graph showing a KASP assay for the ALS
SNP differentiating waterhemp from Palmer amaranth NTC
refers to no template controls (NTC).

DESCRIPTION

Provided here are methods of genotyping a population of
plants using high throughput methodology that is capable of
distinguishing one species of genus or group of species from
another and further can distinguish plants that are a hybrid
of species within a genus. With the methods described here
hundreds and thousands of plants may be screened in a day
and at a cost that 1s V10 the cost of present processes (1n one
instance costing less than $10 whereas genotyping with
RFLP 1s approximately $20-$30 per sample). The reduction
in cost compared to RFLP 1dentification methods can be one
times, two times, ten times, three times, four times, five
times, six times, seven times, eight times, nine times, ten
times or more less than RFLP process. The methods are
especially usetul where analyzing a population of plants,
and, 1n particular, invasive weedy plants, in order to select
the most eflicient means of eradication of the invasive plant.

When referring to genotyping plants 1s meant to include
genotyping a population of plants, plant parts, tissue or seed.
The DNA sample may be obtained in any convenient matter,
as from any tissue, callus, organ or plant part for example.
The term plant or plant material or plant part 1s used broadly
herein to include any plant at any stage of development, or
to part of a plant, including a plant cutting, a plant cell, a
plant cell culture, a plant organ, a plant seed, and a plantlet.
A plant cell 1s the structural and physiological umt of the
plant, comprising a protoplast and a cell wall. A plant cell
can be 1n the form of an 1solated single cell or aggregate of
cells such as a friable callus, or a cultured cell, or can be part
of a higher organized unit, for example, a plant tissue, plant
organ, or plant. Thus, a plant cell can be a protoplast, a
gamete producing cell, or a cell or collection of cells that can
regenerate mmto a whole plant. As such, a seed, which
comprises multiple plant cells and 1s capable of regenerating
into a whole plant, 1s considered a plant cell for purposes of
this disclosure. A plant tissue or plant organ can be a seed,
protoplast, callus, or any other groups of plant cells that 1s
organized ito a structural or functional unit. Particularly
usetiul parts of a plant include harvestable parts and parts
usetul for propagation of progeny plants. A harvestable part
of a plant can be any useful part of a plant, for example,
flowers, pollen, seedlings, tubers, leaves, stems, fruit, seeds,
roots, and the like. A part of a plant useful for propagation
includes, for example, seeds, fruits, cuttings, seedlings,
tubers, rootstocks, and the like. The tissue culture waill
preferably be capable of regenerating plants.
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In one example described 1n more detail below, the
invasive aquatic plant of the Myriophylium genus damages
aquatic environments by outcompeting native plants and
forming mats that damage other beneficial vegetation. Two
species include Myriophyllum sibiricum, and the aggressive
Myriophvllum spicatum. Hybrids of the two species are
considerably less susceptible to herbicide and thus pose a
particular environmental concern. Additional challenges are
that the invasive and native plants are phenotypically the
same and hybridization blurs the ability to identily varia-
tions. Currently, PCR-RFLP 1s used to distinguish one
species from another.

A still turther example 1s Palmer amaranth (Amaranthus
palmeri) and waterhemp (Amaranthus tuberculatus), 1mpor-
tant weed species that can contaminate seeds for sale (e.g.,
wildflowers, native grasses). Palmer amaranth has been
listed as a prohibited noxious weed species 1 some US
states, meaning that a seed lot containing Palmer amaranth
may not legally be sold. Waterhemp 1s prohibited from seeds
for sale 1n Canada. Waterhemp and Palmer amaranth seeds
cannot be distinguished visually from other, non-noxious
Amaranthus species, such as redroot pigweed (Amaranthus
retroflexus), smooth pigweed (Amaranthus hybridus), and
spiny amaranth (Amaranthus spinosus).

The process described here uses Kompetitive Allele Spe-
cific PCR, also known as a KASP™ assay. It 1s based on
competitive allele-specific PCR and allows scoring of single
nucleotide polymorphisms (SNPs), as well as deletions and
insertions at specific loci. Two allele specific forward prim-
ers are used having the target SNP at the 3' end and a
common reverse primer 1s used for both. The primers have
a unique “tail” sequence (reporter nucleotide sequence)
compatible with a different fluorescent reporter (reporter
molecule). The primers are contacted with the sample along
with a mix which includes a universal Fluorescence Reso-
nant Energy Transier (FRET) cassette and Taq polymerase.
During rounds of PCR cycling, the tail sequences allow the
FRET cassette to bind to the DNA and emit fluorescence.
See, e.g. Yan et al. “Introduction of high throughput and cost
cllective SNP genotyping platforms in soybean” Plant
Genetics, Genomic and Biotechnology 2(1): 90-94 (2014);
Semagn et al. “Single nucleotide polymorphism genotyping
using Kompetitive Allele Specific PCR (KASP): overview
of the technology and 1ts application 1n crop improvement”
Molecular Breeding 33(1). 1-14 (2013). In the present
process, emission of one fluorescent signal (reporter mol-
ecule) or the other indicates the plant 1s one of the two
species, where presence ol both signals indicates a hybrid.
Examples here show use of 6-carboxytluorescein (FAM);
and 6-carboxy-2'.4,4'.5"7.7'-hexachlorofluorescein (HEX)
fluorophores, however any convenient means of producing
a measurable signal may be used. Examples without intend-
ing to be limiting include tetrachlorofluorescein (TET); cyan
florescent protein, yellow fluorescent protein, luciferase,
SyBR Green I; ViC; CAL Fluor Gold 340, ROX Texas Red;
CAL Fluor Red 610; CYS; Quasar 670; Quasar 705; and
Fret.

In sum, a first primer 1s produced recognizing a first target
nucleotide sequence 1n the genome of a {first species, a
second primer 1s produced recognizing a second target
nucleotide sequence of a second species and the third
common reverse primer universal to all genotypes allows for
amplification. A “tail” reporter sequence 1s provided with the
primer. The expression cassette comprises sequences
complementary to the reporter sequence. With rounds of
PCR, the cassette 1s no longer quenched and a measurable
signal 1s produced.




US 9,963,750 B2

S

Further vanations for identifying weedy species can be
employed. In an embodiment, a noxious or weed species
may be identified by a first primer as above, specific to the
weedy species, and a first tail reporter sequence (such as
FAM, for example), and a second primer common to other
non-weedy species and a diflerent tail (such as HEX) may be
used to determine 11 a weedy species 1s present.

The process further can employ additional primers that
recognize target sequence of a third, fourth or additional
species of the genus. The process adds one or more primers
which each have a “tail” reporter sequence, the expression
cassette comprises sequences complementary to the reporter
sequence and when bound produces an additional different
reporter molecule. The method thus can further comprise at
least one additional primer recognizing a target nucleotide
sequence 1n the genome of said plant genus specific to a
species other than the first or second species and further
comprising a reporter sequence other than the first or second
reporter sequence, the third primer recognizing a target
nucleotide sequence in the genome of said first species,
second species and said species other than said first or
second species, and where the expression cassette includes
a sequence complementary to the sequence other than said
first or second reporter sequence and a sequence encoding a
reporter molecule and determining if said sample DNA
comprises DNA of said first species, second species, species
other than said first or said species, or a hybrid of any of said
species.

In the present process KASP™ assays are employed for
genotyping a large population of plants and 1 an embodi-
ment a population of weedy plants which can be mvasive
plants, or any plants that grow where they are not desired,
and plants that need to be eradicated as a group. By using the
assay, 1t 1s possible to obtain a DNA sample for a large
number of plants in a population, determine which species
they are, and 1t they are hybrid, and adjust eradication
methods for optimum use with the plant population. By way
of example without limitation, a 96 well plate can be used
to analyze 90 plants using six wells for control, for an
improved determination of the predominate genotype of a
plant population. In another example, 1500 plants can be
analyzed with 35 controls, allowing for even large sampling
ol a population. Rather than each well subject to a different
assay, an individual plant 1s assayed in each well. Using
these methods, as demonstrated below, the ability to detect
variation within a population 1s 1increased. In one example,
36 mdividual plants were assayed, only one of which was a
hybrid.

In an embodiment, the assay provides for an improved
control for measuring results of the KASP™ assay. Typi-
cally, a control plant 1s grown 1n hydroponic culture to serve
as a control. Here, DNA 1s cloned, placed 1n an E. coli vector
and introduced nto £. coli for amplification. Each different
species may be introduced into £. coli. The DNA may be
extracted from the E. coli for use as a control. Where a
hybrid control 1s to be produced, the two plasmids with
DNA of each species are mixed at a ratio of 1:1. The result
1s a less expensive, less time consuming control that does not
require greenhouse conditions or tissue culture.

In a further embodiment the control consists of a mixture
of plant tissue, such as plant seeds. The seeds are a collection
of different species of a plant genus, provided in known
ratios dependent upon the detection limait that 1s usetul for a
particular population. In one example, set forth 1n more
detail below, Palmer amaranth seeds were mixed with red-
root pigweed 1n ratios that provided, there Palmer amaranth
seeds were mixed with redroot pigweed 1n ratios of 10:0,
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6
8:2, 6:4, 4:6, 2:8, and 0:10. The specific ratios will vary
depending upon the mix of species expected and at the level
of detection desired. In a still further embodiment, plasmids
may be used as controls, as discussed above, where a
plasmid 1s provided for each species to be detected, as
referred to above.

Still another embodiment provides for increased eflicacy
by performing the KASP assay at three distinct loci. The
inventors have found that when they perform the assay on
three loc1 with different SNPs, each using 1ts own set of
primers, and combine the results 1n discriminate analysis, up
to 100% accuracy 1s obtained. For example, discriminant
analysis 1s used to predict which species a plant belongs to
(a categorical variable) by the observed (continuous) fluo-
rescence values. When a single SNP 1s used, the separation
between the different fluorescence values for species one,
species two, and the hybrid may be clear leading to 100%
likelihood of the individual plant belonging to the group it
1s assigned to by discriminant analysis. However, for some
SNPs, the separation between the different fluorescence
values 1s less clear, leading to a less than 100% likelihood of
the group assignment being correct (although usually the
likelihood 1s still over 90%). When multiple SNPs are tested
in the same plant, discriminant analysis can be performed on
all the fluorescence values obtamned from the different
assays. Since a plant can only belong to one of the three
groups (species one, species two, or hybrid), the combina-
tion of information from the different SNPs leads to a higher
probability that the assignment 1s correct.

The primers recognize target sequences which distinguish
one species ol the genus of plant from another species or
group ol species. Below an example 1s provided of the
Internal Transcribed Spacer region which 1s useful in 1den-
tifying one species of watermilioil or Amaranthus from
another. Any target sequence 1n a plant genus may be used
where a polymorphism distinguishes between species of
plants. Thousands of single nucleotide polymorphisms have
been 1dentified over the years that distinguish plant species
and a skilled person may select from the many nucleic acid
sequences or SNPs available. For example, thousands of
SNPs are available readily through such databases as
maizegdb.org; soybase.org.snps; 1001genomes.org (Arabi-
dopsis); and described 1n many articles such as Maughan et
al. (2011) “Development, characterization and linkage map-
ping of SNPs in grain amaranths” Plant Gen 4:92-101
do1:10/38351/plantgenome2010.12.0027. Any convenient
target sequences may be used in the process.

The process 1 an embodiment 1s especially useful with
weedy, invasive and noxious plant control. Weedy plants are
those growing where they are not desired. The USDA
maintains a list of federal and state noxious weeds. A
noxious weed 1s defined as a plant that can directly or
indirectly injure or cause damage to crops, livestock, poultry
or other interest of agriculture, 1rrigation, navigation, the
natural resources of the United States, the public health or
the environment. 7 U.S.C. § 7702 (12). Examples, without
intending to be limiting, of noxious aquatic species are
Azolla pinnata Caulerpa taxifolia (Mediterranean strain),
FEichhornia azurea, Hyvdrilla verticillate, Hygrophila poly-
sperma, Ipomoea aguatica, Lagarosiphon major Limno-
phila sessiliflora, Melaleuca quinguenervia, Monochoria
hastate, Monochoria vaginalis, Ottelia alismoides, Sagit-
taria sagittifolia, Salvinia auriculata, Salvinia biloba, Sal-
vinia herzogii, Salvinia molesta and Solanum tampicense.
Examples of land weeds include, without limitation, Acacia
nilotica, Ageratina adenophora, Ageratina rviparia, Alter-
nanthera sessilis, Amaranthus genus, Avctotheca calendula,
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Asphodelus fistulosis, Avena sterilis, Carthamus oxyacan-
tha, Chrysopogon aciculatus, Commelina benghalensis,
Crupina vulgaris, Digitaria scalarum, Digitaria velutina,
Drymaria arenarviodes, Emex australis, Emex spinose,
Fuphorbia terracina, Galega officinalis, Heracleum mante-
gazzianum, Imperata brasiliensis, Imperata cylindrica,
Inula britannica, Ischaemum rugosum, Leptochloa chinen-
sis, Lvcium ferocissimum, Lygodium flexuosum, Lygodium
microphyllum, Melastoma malabathvicum, Mikania cor-
data, Mikania micrantha, Mimosa invisa, Mimosa pigra,
Moraea collina, Moraea flaccida, Moraea miniate, Moraea
ochroleuca, Moraea pallida, Nassella trichotoma, Onopor-
dum acaulon, Onopordum Illyvicum, Opuntia aurantiaca,
Oryvza longistaminata, Oryvza punctate, Oryza rufipogon,
Paspalum scrobiculatum, Pennisetum clandestinum, Penn-
isetum macrourum, Pennisetum pedicellatum, Pennisetum
polystachion, Prosopis genus, Rottboellia cochinchinensis
Rubus fruticosis Rubus moluccanus Saccharum spontaneum
Sagittaria sagittifolia Salsola vermiculata Senecio
inaequidens Senecio madagascariensis, Setaria pumila ssp.
pallidefusca (Now: ssp. subtesselata), Solanum torvum
Solanum viarum, Spermacoce alata, Tridax procumbens,
and Urochloa panicoides.

An embodiment allows the genotyping of a population of
watermilioil aquatic plants, distinguishing between the Eur-
astan watermilfoil (Myriophyllum spicatum), Northern
watermiltoll (Myriophvilum sibiricum) and hybrids of the
two. A further embodiment provides for distinguishing the
species and hybrid by 1dentifying a SNP within the nuclear
ribosomal Internal Transcribed Spacer Region (ITS) of the
plant genome. The ITS region can diflerentiate nearly all
North American watermilioil species, which are inherited
biparentally and thus can be used also to identify hybrids.

This region of the genome has been 1dentified by Moody and
Les (2007) and 1s found at GenBank accession numbers

AF513849, AF513850, DQ786012-DQ786029. See Moody
and Les “Geographic distribution and genotypic composi-
tion of nvasive hybrid watermilioil (Myriophyilium spica-
tumxM. sibivicum) populations 1 North America” Biol.
Invasions 9:559-570 (2007).

Watermilioil molecular studies are set forth 1n Sturtevant
et al. which also sets forth twenty-three SNPs. Sturtevant et
al, “Molecular Characterization ol Eurasian Watermilioil,
Northern Milfoil, and the Invasive Interspecific Hybrid in
Michigan Lakes” J. Aquat. Plant Manage 47:128-135
(2009). When referring here to digestion at base pair 274 or
551 of the ITS PCR product, is referring to Grafe et al “A
PCR-RFLP method to detect hybridization between the
invasive FBurasian watermilioll (Myriophvlium spicatum)
and the native northern watermilioll (Myvriophylium sibiri-
cum), and 1ts application 1 Ontario lakes” Botany 93:117-
121 (2015). The ITS region was amplified with the universal
primers (forward) ITSS (5'-GGAAGTAAAAGTCG-
TAACAAGG-3' (SEQ ID NO: 1)), and (reverse) 1TS4
(3'-TCCTCCGCTTATTGATATGC-3'(SEQ ID NO: 2))
(White et al 1990) producing a product of 750 bp. In Grale
et al, the authors aligned sequences obtained to the reference
sequence FJ426346.1 (SEQ ID NO: 3), from Sturtevant et al
2009. However, to find the restriction sites, they looked
through all the published I'TS sequences for M. spicatum and
M. sibivicum. In FJ426346, which 1s M. spicatum, Fspl cuts
at bp 531. In FJ426352 (SEQ ID NO: 4), which 1s M.
sibiricum, Bmtl cuts at bp 274.

The process 1s useful 1n determining the best methods for
control of a plant population. When a population of plants 1s
determined to have a higher proportion of weed plants
and/or more aggressive hybrids, 1t 1s possible to adjust
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control methods for the particular population. More aggres-
s1ve measures can be taken when the population contains a
higher amount of such noxious or invasive species or
hybrids. The control methods can reduce growth of a higher
number of plants in such instances. After genotyping of the
population, control measures may be adjusted. Control
methods can reduce growth of undesired plants, can reduce
the growth of the entire population, or enhance desired
plants. It 1s useful with any control or eradication measures,
whether physical removal, application of biological controls
such as insects, fungi, microbes or the like, application of
naturally occurring compositions that impact plant growth,
chemical applications such as herbicides, or any other con-
venient method. In one example, once the population of
watermilioil 1s genotyped, 1t 1s possible to adjust eradication
methods, and, for example, apply a higher rate of herbicide
where the population 1s predominately hybrid. Methods of
control of weeds such as aquatic weeds are well known, such
as that discussed at Heillman et al. US20130157857; Mann,
US20150218099; Koschnick et al. US20150018213; and
Mango US201002736353.

The ability to genotype dozens of individuals provides the
ability to 1dentily the presence of rare individuals, such as a
less common parental species or the inter-specific hybrid.
Land populations and lakes with complex species distribu-
tion dynamics, such as low proportion of hybrids, are where
herbicide application or choice of herbicide must be care-
fully made so as not to select for the more vigorous and less
herbicide sensitive hybrid individuals. With the ability to
genotype hundreds of individuals rapidly and inexpensively
using KASP™, weed managers will be able to make more
informed decisions about herbicide type and application
rates, such as choosing specific herbicides and rate to control
hybrid individuals only when they are confirmed to be
present. Larger data sets comprised of accurate genotyping
data will allow modeling of plants including weedy 1nvasive
plants such as Myriophyilum species distribution dynamics,
testing the hypothesis that increased selection pressure from
herbicide application favors hybrid individuals due to their
decreased herbicide sensitivity. In one example, populations
can be genotyped using KASP™ both before and after
herbicide applications to quantify shifts 1 species distribu-
tion dynamics towards mvasive species or hybrid individu-
als.

The following i1s provided by way of exemplification
without intending to be limiting to the scope of the iven-

tion. References cited here are incorporated herein by ref-
erence 1n their entirety.

EXAMPLES

Example 1

The invasive aquatic plant Eurasian watermilioil (Myrio-
phyvllum spicatum L.) was introduced to the United States
from Asia during the 1940s (Couch and Nelson 1988;
Moody et al. 2016). After introduction, this submersed
species spread rapidly throughout the United States, forming
dense monotypic mats that have caused economic and
ecological damage to infested lakes, streams, and reservoirs
(Eiswerth et al. 2000; Olden and Tamayo 2014). The
decrease 1n native plant diversity that occurs after M. spi-
catum 1nvasion 1s an alarming ecological impact (Madsen et
al. 1991). Furthermore, 1t 1s now apparent that the invasive
M. spicatum readily hybridizes with the related North
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American native species northern watermilioil (M. sibiricum
Kom.) (Grafe et al. 2015; Moody and Les 2007; Zuellig and

Thum 2012).

Some hybnd watermilfoil (M. spicatumxM. sibiricum)
populations appear to have higher fitness manifested as
faster and more aggressive growth rate both 1n laboratory
and field conditions than either parental species, making
management more diflicult (Hovick and Whitney 2014;
LaRue et al. 2013). Additionally, hybrid populations are less
sensitive to some commonly used herbicides, including
2.4-D, fluridone, nortlurazon, and topramazone (Berger et
al. 2015; LaRue et al. 2013). There 1s growing concern that
current management practices in lakes with mixed popula-
tions of watermilfoil species, which rely heavily on herbi-
cide application, may further select for hybrid populations
due to the difference in herbicide sensitivity.

Several methods to accurately i1dentity M. spicatum, M.
sibiricum, and M. spicatumxM. sibivicum hybrd individuals
using morphological characteristics have been proposed.
Morphological characteristics, while suflicient to distinguish
between M. spicatum and M. sibiricum, are no longer
reliable once hybrid individuals are present, as the hybrid
characteristics are often intermediate between the two spe-
cies (e.g., the number of pinnae or leatlet pairs) (Cofley and
McNabb 1974; Moody and Les 2007).

Suflicient genetic variation exists between the two species
that genotyping 1s an accurate method for species identifi-
cation (Moody and Les 2002; Sturtevant et al. 2009).
Current methods rely on single nucleotide polymorphisms
(SNPs) within the nuclear ribosomal internal transcribed
spacer (ITS) regions of M. spicatum and M. sibiricum
(Moody and Les 2002), using 23 intra-genic polymorphic
SNPs 1n the first and second Internal Transcribed Spacer
regions (ITS1 and I'TS2). Of these SNPs, 11 clearly distin-
guish between M. spicatum and M. sibiricum. When a single
individual 1s heterozygous for both alleles of a single SNP,
it indicates the individual 1s an inter-specific hybrid. That
individual will also be heterozygous for the remaining 10
SNPs due to linkage of the SNPs within the I'TS regions.

SNP genotyping 1n these species has been performed
using several methods. Originally, the I'TS region was ampli-
fied via polymerase chain reaction (PCR), the PCR products
were cloned, and multiple clones were sequenced to deter-
mine whether an individual was homozygous or heterozy-
gous at the ITS SNPs (Grate et al. 2014). This process
requires the longest time and highest cost per sample of
available methods. Subsequently, genotyping was stream-
lined with the development of a PCR restriction fragment
length polymorphism (PCR-RFLP) assay using either a
Bmitl or Fspl restriction digest that cut at base pair (bp) 274
or 531 of the I'TS amplicon, respectively as discussed supra.
By eliminating the cloning and sequencing for species
identification with the PCR-RFLP assay, Grafe et al. (2014)
were able to substantially decrease the amount of time and
money per sample required for positive species 1dentifica-
tion of individual watermilioil specimens. The higher
throughput enabled larger sample sizes per lake, providing a
more accurate estimate of Myriophyllum species distribution
dynamics.

Advances 1n SNP genotyping provide more cost-eflective
and accurate results than PCR-RFLP. Currently, the Kom-
petitive Allele Specific PCR (KASP) assay 1s a common
technique for genotyping SNPs. This assay 1s used in several
fields, including plant breeding, disease identification, and
species 1dentification (Semagn et al. 2014). KASP 1s able to
discriminate between two alleles of a SNP using a common
reverse primer paired with two forward primers, one specific
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to each allele. Each forward primer also has a nucleotide
sequence that hybridizes in one example to either the HEX
or FAM fluorophore quencher. Amplification proceeds using
stringent conditions to only permit forward primers to bind
if they are perfectly complementary to the template
sequence. Fluorophores are released from the quencher
molecule when a forward primer 1s incorporated 1n a PCR
product, causing the released fluorophore to fluoresce. This
fluorescence 1s detected at the end of the assay using a
real-time PCR machine, and the proportion of fluorescence
from HEX, FAM, or both indicates the genotype of the
sample.

KASP genotyping has several advantages compared to
PCR-RFLP assays. KASP assays are more convenient, as
they are both faster and less expensive. Eighty or more
individuals can be genotyped simultaneously (in a 96 well
plate), giving a much more accurate view of the Myriophyi-
[um species distribution dynamics within a lake, and pro-
viding an increased likelihood of detecting a rare hybnd
individual. KASP assay design 1s very flexible, as primer
design 1s not limited to available restriction enzyme recog-
nition sites, and primers can even cover stretches of
sequence containing multiple SNPs by incorporating degen-
erate or mixed bases 1nto the primer sequence. A target
sequence thus can be one or more SNPs in an example.
KASP assays are quantitative and therefore amenable to
statistical analysis, such that probabilities can be assigned to
genotyping calls. Data from multiple SNP genotyping assays
can be mtegrated into a single model, increasing the robust-
ness of species diagnostics.

Here we describe KASP assays for three SNPs 1n the I'TS
region to genotype individuals from both parental watermil-
fo1l species and their hybrid, using synthesized plasmids
containing the respective sequences as positive controls.
Using KASP we genotyped dozens of individuals from two
lakes, giving a highly accurate picture of Myriophyviium
species distribution dynamics in each case. Discriminant
analysis showed that while a single SNP was generally
suflicient for genotyping an individual, using multiple SNPs
increased the reliability of genotyping.

Materials and Methods
Plant Collection

Several previously i1dentified M. spicatum biotypes and
known 1nter-specific watermilfoil hybrid (M. spicatumxM.
sibiricum) biotypes (eight biotypes each) were harvested
from aquaponics cultures maintained in the CSU Weed
Research lab. Unknown Myriophyvilum individuals were

collected from two lakes in northern Colorado, Rainbow
Lake located at 40.506738, —104.989224 and Walleye Lake

at 40.505680, -104.982883. Individual stems (Rainbow,
n=23; Walleye, n=16) were collected from each lake by rake
throws. A single leal was used for DNA extraction and
therefore a tissue sample 1s assumed to represent a unique
individual. Tissue samples were stored 1n sealed bags with
damp paper towels at 4 C until DNA extraction.
Plant DNA Extraction

DNA was extracted from 50 mg of watermilioil leatf tissue
using a modified CTAB method (Doyle 1991). All steps
were performed at room temperature (22° C.) unless other-

wise 1ndicated. In brief, tissue was 1nitially ground to a fine
powder with a metal bead 1n 500 uLL of 2xCTAB bufler (2%

CTAB, 1% PVP, TRIS-EDTA pH 5) using a Qiagen Tis-
sueLyser at 30 oscillations/second for 1 minute. Ground
samples were incubated at 65° C. for 1 hour, after which 500
ul. of phenol:chloroform:1soamyl alcohol (25:24:1) was
added. The samples were slowly rocked on an orbital shaker
for 15 minutes. Samples were centrifuged at 10,000xg for 5
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minutes. The upper phase was transferred to a new tube, to
which 500 pl. of chloroform:isoamyl alcohol (24:1) was
added. The samples were again centrifuged at 10,000xg for
5 minutes. The upper phase was transierred to a new tube
and nucleic acids were precipitated using 0.1 volumes of 3
M sodium acetate and 2.5 volumes of 100% ethanol.
Samples were precipitated at 4° C. for 15 minutes and then
centrifuged at 15,000xg for 15 minutes. The resulting pellets
were re-suspended 1n 50 uL of sterilized water. DNA con-
centrations and quality were assessed using a spectropho-
tometer (NanoDrop 2000 Spectrophotometer, Thermo
Fisher Scientific, Wilmington, Del., USA). Samples were
subsequently diluted to 5 ng/ul for use 1n all KASP assays.
Plasmid Design

Two plasmids were designed as positive controls for the
KASP assay. Plasmid inserts were comprised of the
sequence within the I'TS region complementary to the geno-
typing primers, with all iter-primer sequence removed
(FIG. 1). The complete oligonucleotides were synthesized
by GenScript in the pucd7-Kan plasmid. Below are the
sequence of the M. sibiricum and M. spicatum positive
plasmid controls.
Plasmid Sequence

Plasmid 1
Gene name: M Sib Positive Control
Length: 163 bp
Vector name:

pUC57-Kan

Sequence (SEQ ID NO: 5):
CATGACGAACTTAGCACACCGCTAGCCGACTTGTGCGGCAGCGGCETTGC

AALACTTCGATACCTACAAAGCCCACCCTTCAAGGATATGGTGCTGCGGAA
GCAGATATTGGATAACTCAGCCTTTGTTGCGTCGTGCCCGCCGTGCCCCT
TGGAGCTCAGCAT

Plasmid 2
Gene name: M Spi Positive Control

Length: 163 bp
Vector name: pUC57-Kan
Sequence (SEQ ID NO: 47):

CATGACGAACTTAGCACACCACTAGCCGACTTGTGCGGCAGCGGCGETTGC

AALACTTCGATACCTACAAAGCCCACCCTTCAAGGATAAGGCGCTGCGGAA
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-continued

GCAGATATTGGATAACTCAGCCTTTGTTGCGCCGTGCCCGCCGTGCCCCT

TGGAGCTCAGCAT

Control plasmids were transformed into Dhdoa E. coli
cells using a standard heat transtormation protocol (provided
by GenScript). First all reagents (plasmid and Dh5a. cells)
were thawed on 1ce. Next 1 ulL of plasmid at 100 ng/ul. was
added to the Dh3a. cells and mixed gently. The mixture was
incubated on ice for 30 minutes and then placed i a hot
water bath at 42° C. for 45 sec. Tubes were returned to an
ice bath for 2 minutes. Next, 1 mL of liquad LB was added
to the E. coli and allowed to incubate at 37° C. for 1 hour.
Plates containing LB+Kan (Kan at 350 ug/ml) were pre-
warmed to 37° C. during this incubation. Next, 200 uL. of the
E. coli transformation was added to the warmed LB+Kan
plate, spread evenly, and allowed to grow at 37° C. for 16 hr.
Individual colonies were transierred to a numbered patch
plate and allowed to grow at 37° C. for 16 hr.

E. coli DNA Extraction

DNA was extracted from cultures grown from ten colo-
nies on each patch plate. A toothpick was dipped 1nto the £.
coli colony and used to moculate 1 mL of LB+Kan. After
incubating for 16 hours at 37° C. with shaking, the £. coli
cultures were pelleted by centrifugation at 8000 rci. DNA
was extracted from the pellets using the standard extraction
protocol provided with the (Qiagen Miniprep kit. DNA
concentrations and quality were assessed using a NanoDrop
2000 spectrophotometer. Extracted plasmids were subse-
quently diluted to 5 pg/ul for use in all KASP assays. A 1:1
mixture of the diluted plasmids was used in KASP assays to
simulate an inter-specific hybrid.

Primer Design

Three primer sets were designed for the KASP assay to
distinguish three diagnostic SNPs at bp 118, 363, and 478 1n
the Internally Transcribed Spacer (ITS) region. For each
primer set, the forward primer for M. spicatum was assigned
the HEX tag while the forward primer for M. sibiricum was
assigned the FAM tag. Some primers spanned sequences
containing SNPs that discriminate between sub-populations
of M. sibiricum, which required the use of degenerate bases
in the primers. Primers are shown in Table 1. Degenerate
bases are indicated according to the umversal code.

TABLE 1

KASP Primerg for SNPs 118, 363, and 478 in the Myriophyllum ITS region.

Primer Name

SNP 118 (G/Aa)

M. gibiricum FP-118
M. spicatum FP-118
Universal RP-118

SNP 363 (A/G)
M. gibiricum FP-363

M. spicatum FP-363
Universal RP-3623

Primer Sequence

CATGACGWACTTAGCACACCG
CATGACGAACTTAGCACACCA
TAGGTATCGAAGTTTGCAACGC

CAATATCTGCTTCCGCAGCA
CAATATCTGCTTCCGCAGCG
CAAAGCCCACCCTTCAAGGA

OligoAnalyzer 3.1
Predicted Melting

(5'-3") Temperature SEQ ID NO
55.9 C. SEQ ID NO: o
55.2 C. SEQ ID NO: 7
55.5 C. SEQ ID NO: 8
55.06 C. SEQ ID NO: 9
56 .06 C. SEQ ID NO: 10
57.7 C. SEQ ID NO: 11
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TABLE 1-continued
KASP Primers for SNPs 118, 363, and 478 in the Myvriophyvllum ITS region.

OligoAnalyzer 3.1

Predicted Melting
Primer Name Primer Sequence (5'-3"') Temperature SEQ ID NO
SNP 478 (T/C)
M. gibiricum FP-478 GATAACTCAGCCTYTGTTGCGT 56.4 C. SEQ ID NO: 12
M. spicatum FP-478 GATAACTCAGCCTTTGTTGCGC 56.9 C. SEQ ID NO: 13
Universal RP478 ATGCTGAGCTCCAAGGGGCA 61.8 C. SEQ ID NO: 14
5' FAM TAG GAAGGTGACCAAGTTCATGCT SEQ ID NO: 15
(M. sibiricum)
5' HEX TAG GAAGGTCGGAGTCAACGGATT SEQ ID NO: 1o
(M. spicatum)
KASP Assay Once all samples (experimental samples as well as con-

A primer master mix including forward and reverse
primers for a single SNP was made. All primers were first
re-suspended 1n Tris-HCI, pH 8.3, at 100 uM. Primer mixes
were made according to the manufacturer’s recommenda-
tions (LGC Genomics), with 18 ulL of the M. spicatum
torward primer, 18 ul of the M. sibiricum forward primer,
45 ulL of the common reverse primer, and 69 ul, of 10 mM
Tris-HCI, pH 8.3. KASP master mixes were made with 432
ulL LGC Genomics Master Mix (which includes polymerase,
dNTPs, bufler, and HEX- and FAM-tagged oligonucle-
otides) and 11.88 ul of primer master mix.

KASP reactions were assembled 1n a 96-well plate with 4
ul. of master mix and either 4 ul. water (no template
control), 4 ulL. genomic DNA at 5 ng/ul, or 4 uL. of plasmid
DNA at 5 pg/ul.. Reactions were performed in a BioRad
CFX Connect according to the following standard KASP
PCR program: Activation at 94° C. for 15 minutes, then 10
touchdown cycles of 94° C. for 20 seconds (denaturing),
61-55° C. for 60 seconds (dropping 0.6 C per cycle, for
annealing and elongation), 23° C. for 30 seconds (to permit
accurate plate reading), followed by 26 cycles of 94 C for 20
seconds, 55° C. for 60 seconds, 23° C. for 30 seconds.
Fluorescence was tracked 1n real-time with plate reads at the
end of every amplification cycle. Fluorescence data from the
cycle showing the greatest distinction between clusters
without any background amplification was used for geno-
typing, which was determined to be cycles 22-24 of the

amplification phase.
Data Analysis

Due to slight variations 1n maximum fluorescence and
fluorescence 1n the no template controls between plates,
HEX and FAM fluorescence for each data point were
transformed as a percentage of the maximum fluorescence
for each fluorophore within a plate. Maximum fluorescence
1s defined as the highest FAM or HEX signal from any
reaction 1n a 96-well plate. Cutofils for genotyping calls on
unknown samples were drawn by calculating the point
halfway between the mean X,y coordinate of the control
hybrid and either the control M. sibiricum or M. spicatum
clusters, then drawing a line from that point to the origin
(0,0). Additionally, a zone of “no amplification” was defined
by the maximum fluorescence of no-template controls. A
quarter circle around the axis intercept was used to define
this zone. Genotypes were assigned to unknown samples
based on where 1n the plot theiwr fluorescence values
occurred.
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trols) were assigned a genotype, linear discriminant analysis
was performed 1n JMP 12.2 (SAS Institute Inc., Cary, N.C.,

USA) to evaluate the probability of an individual having its
assigned genotype. Genotyping results from each SNP were
first assessed independently, then using all three SNPs
combined to provide more robust probabilities.

Results and Discussion

We developed three KASP primer sets that distinguish
between the native M. sibiricum and the invasive M. spica-
tum species as well as inter-specific hybrids. Our KASP
primers utilize the previously 1dentified SNPs at base pairs
118, 363, and 478 of the ITS region (Table 1). We tested the
primer sets on plasmids containing known sequences; on
known lab biotypes of M. spicatum and hybrids; and on
unknown Myriophyllum individuals harvested from two
lakes 1n northern Colorado. We assigned genotypes manu-
ally, and then measured the reliability of the genotyping calls
using discriminant analysis to assign probabilities to calls
from each SNP individually as well as using all three SNPs
together.

KASP Assays on Plasmids

We developed plasmids to serve as positive controls for
the KASP-PCR reaction. Plasmid controls were 1deal
because they allow for rapid generation of DNA of a known
genotype and eliminate the need to maintain both species of
Myriophyvllum as well as the inter-specific hybrid 1n hydro-
ponic culture as positive genotyping controls.

The plasmid DNA performed consistently from assay to
assay and allowed us to more accurately characterize
unknown 1mndividuals 1n the KASP assay. For SNP 118, SNP
363, and SNP 478, all ten samples from a given genotype
formed a tight, distinct cluster on the HEX-FAM x-y plot
(FI1G. 2). SNP 118 had a very clear M. sibiricum cluster, but
the M. spicatum and the 1:1 synthetic hybrids were relatively
close to each other, due to increased FAM fluorescence for
the M. spicatum samples (FIG. 2A). However, there was no
overlap between the M. spicatum samples and the synthetic
hybrid samples. SNP 363 and SNP 478 show obvious
separation of the fluorescence signal from each of the three
possible genotypes, with the M. spicatum plasmids having
almost exclusively HEX signal, M. sibiricum plasmids hav-
ing almost exclusively FAM signal, and the 1:1 mixture of
cach genotype having both HEX and FAM signal (FIGS. 2B,
C). No plasmid had an ambiguous call or fell below the 30%
fluorescence threshold for any of the three SNPs. This test
confirmed the utility of plasmids as internal positive controls
for the subsequent genotyping.
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KASP Assays on Lab Biotypes

We tested several biotypes of Myriophyllum that are
maintained in aquaponics culture at CSU. These biotypes
were originally collected from various locations 1 North
America (Table 2). The KASP results from all three SNP
primer sets showed that eight of these biotypes clustered
with the M. spicatum plasmid control, with high HEX signal
and minimal FAM signal (Norway, CSU KCK, 4BC, St
Helens, Hall, Stoney 2, Fawn, Hanbury), while eight clus-
tered with the 1:1 synthetic hybrid mixture of M. spicatum
and M. sibiricum plasmid controls, with approximately
equal HEX and FAM fluorescent signals (Hayden, Mattoon,
Houghton, Alpine 2, Alpine 3, Richard Farm, Jefl, Alpine 1)
(Table 2, FIG. 3).
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The predicted probability that a genotype call was correct
was calculated by performing discriminant analysis on the

il

corrected fluorescence data for each SNP separately and for
all three SNPs together (Table 2). Particularly for SNP118,

several individuals had a reduced probability that the geno-

type was correct (e.g., Norway or Stoney 2). However, when
all three SNPs were considered together, the probability was
100% for each genotype call (Table 2). These results confirm

that all three SNPs are strongly linked and co-inherited and
therefore the three SNPs can be used together to provide
accurate genotyping.

TABL

L1

2

KASP SNP genotyping calls and predicted probability of accuracy for eight

known M. spicarum (M. spi,) biotypes and eight known hybrid (Hyb,)

watermiulfoil (M. spicatum x M. sibirvicum) biotypes.

All three SNPs SNP 118 SNP 363 SNP 478

Prob Prob Prob Prob
Sample Call (Pred) Call (Pred) Call (Pred) Call (Pred)
Norway M. spi 1.00 M. spi 0.76 M. spi 1.00 M. spr 1.00
Hayden Hyb 1.00 Hyb 1.00  Hyb 1.00  Hyb 1.00
Mattoon  Hyb 1.00  Hyb 1.00  Hyb 1.00  Hyb 1.00
Houghton Hyb 1.00 Hyb 1.00  Hyb 1.00  Hyb 1.00
CSU KCK M. spi 1.00 M. spi 099 M. spi 1.00 M. spi 1.00
Alpine 2 Hyb 1.00 Hyb 1.00  Hyb 1.00 Hyb 1.00
Alpmme 3 Hyb 1.00 Hyb 1.00 Hyb 1.00 Hyb 1.00
Richard Hyb 1.00 Hyb 1.00  Hyb 1.00 Hyb 1.00
Farm
4BC M. spi 1.00 M. spi 095 M. spt 1.00 M. spi 1.00
St Helens M. spi 1.00 M. spi 0.89 M. spi 1.00 M. spr 1.00
Jefl Hyb 1.00  Hyb 1.00  Hyb 1.00  Hyb 1.00
Hall M. spi 1.00 M. spi 0.95 M. spi 1.00 M. spi 0.99
Stoney 2 M. spi 1.00 M. spi 0.78 M. spi 1.00 M. spr 0.98
Fawn M. spi 1.00 M. spi 095 M. spi 1.00 M. spr 1.00
Alpmme 1  Hyb 1.00 Hyb 1.00 Hyb 1.00 Hyb 1.00
Hanbury M. spi 1.00 M. sp1 0.99 M. spi 1.00 M. spr 1.00

40 KASP Assays on Rainbow and Walleye Lake

We also tested our assay on individuals from two lakes 1n

northern Colorado, Rainbow Lake (n=23) and Walleye Lake

(n=16). For Rainbow Lake, all sampled individuals were the
invasive M. spicatum, as the fluorescence signal from all

three SNPs for each individual was predominantly the
wavelength (Table 3, FIGS. 4A, 4B, 4C).

TABLE 3

KASP SNP genotyping calls and predicted probability of accuracy for 23

HEX

unknown watermilfoil individuals from Rainbow Lake: M. spicatum (M. spi)

All three SNPs SNP 118 SNP 363 SNP 478

Prob Prob Prob Prob
Sample Call (Pred) Call (Pred) Call (Pred) Call (Pred)
Plant 1 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 2 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 3 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 4 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 5 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 6 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 7 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 8 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 9 M. sp1 1.00 M. spt 1.00 M. spt 1.00 M. spi 1.00
Plant 10 M. sp1 1.00 M. spt 1.00 M. spt 1.00 M. spi 1.00
Plant 11 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 12 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 13 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
Plant 14 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spr 1.00
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KASP SNP genotyping calls and predicted probability of accuracy for 23

unknown watermilfoll individuals from Rambow lLake: M. spicatum (M. spi)

All three SNPs SNP 118 SNP 363 SNP 478

Prob Prob Prob Prob
Sample Call (Pred) Call (Pred) Call (Pred) Call (Pred)
Plant 15 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spi 1.00
Plant 16 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spi 1.00
Plant 17 M. spi 1.00 M. spi 0.98 M. spt 1.00 M. spi 1.00
Plant 18 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spi 1.00
Plant 19 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. sp1 1.00
Plant 20 M. spi 1.00 M. spt 0.88 M. spi 1.00 M. spi 1.00
Plant 21 M. spi 1.00 M. spi 1.00 M. spi 1.00 M. spi 1.00
Plant 22 M. spi 1.00 M. spt 1.00 M. spi 1.00 M. spi 1.00
Plant 23 M. spi 1.00 M. spi 0.08> M. spr 1.00 M. sp1 1.00

Walleye Lake, however, contained individuals of both M.

spicatum and M. sibiricum, with 11 individuals showing 5,

predominantly HEX fluorescence and clustering with the A
spicatum plasmid controls, while four individuals (plants 2,
3, 8, and 12) showed predominantly FAM fluorescence and
clustered with the M. sibiricum plasmid controls (Table 4,

a hybrid genotype, as for all three SNPs 1t showed unam-
biguous dual HEX and FAM fluorescence and clustered with

the artificial hybnid (Table 4, FIGS. 4D, 4E, 4F).

TABLE 4

18

Example 2

This process will allow the seed certification industry to
reliably assess bulked Amaranthus seed samples as contain-
ing Palmer amaranth or not and to assess bulked Amaran-
thus seed samples as containing waterhemp or not. Several
FIGS. 4D, 4E, 4F). Additionally, one individual (plant 1) had 5 Amaranthus species are very common and are not prohibited
noxious weeds (e.g., redroot pigweed, smooth pigweed,
etc.), and seeds of the various Amaranthus species (Table 5)
cannot be reliably wvisually identified. This 1nvention

KASP SNP genotyping calls and predicted probability of accuracy for 16
unknown watermilfoil individuals from Walleye Lake. M. spicatum (M. spi,);
inter-specific hvbrid (M. spicatum x M. sibiricum, Hvb,): M. sibiricum (M. sib.).

All three SNPs SNP 118 SNP 363 SNP 478

Prob Prob Prob Prob
Sample Call (Pred) Call (Pred) Call (Pred) Call (Pred)
Plant 1 Hyb 1.00  Hyb 0.49 Hyb 1.00  Hyb 1.00
Plant 2 M. sib 1.00 M. sib 1.00 M. sib 1.00 M. sib 1.00
Plant 3 M. sib 1.00 M. sib 1.00 M. sib 1.00 M. sib 1.00
Plant 4 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spt 1.00
Plant 5 M. spi 1.00 M. spt 1.00 M. spi 1.00 M. spi 1.00
Plant 6 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spi 1.00
Plant 7 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spt 1.00
Plant 8 M. sib 1.00 M. sib 1.00 M. sib 1.00 M. sib 1.00
Plant 9 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spt 1.00
Plant 10 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. sp1 1.00
Plant 11 M. spi 1.00 M. spi 0.99 M. spr 1.00 M. spt 1.00
Plant 12 M. sib 1.00 M. sib 1.00 M. sib 1.00 M. sib 1.00
Plant 13 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spt 1.00
Plant 14 M. spi 1.00 M. spt 1.00 M. spi 1.00 M. spi 1.00
Plant 15 M. spi 1.00 M. spi 1.00 M. spr 1.00 M. spt 1.00
Plant 16 M. spi 1.00 M. spt 0.99 M. spi 1.00 M. spi 1.00

Discriminant analysis again verified the accuracy of the
genotyping calls, with a few individuals having a lower-
confidence genotype from SNP 118 (plants 20 and 23 from

Raimnbow Lake and plant 1 from Walleye Lake) but 100%
probability of a correct call when data from all three SNPs

were considered simultaneously. Both SNP 118 and SNP

4’78 used one degenerate base each. The calls for SNP 478
were much more accurate than for SNP 118, possibly due to
the distribution of the two degenerate base within the
respective forward primer. The degenerate bases in each

"y

‘erent sub-

case were for SNPs that distinguish between di

populations of M. sibirvicum.
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describes a DNA genotyping method to detect either Palmer
amaranth or waterhemp 1n a mixture of bulked Amaranthus

seeds.
TABLE 5
Amaranthus specles 1ncluded in the diagnostic assay.
Scientific Name Common Name
Amaranthus palmeri Palmer amaranth
Amaranthus spinosus Spiny amaranth
Amaranthus albus Prostrate pigweed
Amaranthus blitoides Mat amaranth

Amaranthus arenicola

Sandhill amaranth
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TABLE 5-continued

Amaranthus species included in the diagnostic assayv.

Scientific Name Common Name

Waterhemp (syn.
Common waterhemp,
tall waterhemp)
Smooth pigweed
Powell amaranth
Redroot pigweed

Amaranthus tuberculatus
(syn. 4. rudis)

Amaranthus hybridus
Amaranthus powellii
Amaranthus retroffexus

Methods:

DNA 1s extracted from Amaranthus seeds using a stan-
dard CTAB DNA extraction protocol (see description, supra.
Due to the presence of phenols and other compounds 1n
seeds which may 1nhibit PCR, the DNA samples are further
purified using a OneStep PCR Inhibitor Removal Kit (Zymo
Research). DNA may also be extracted using any commer-
cially available kits, such as Qiagen DNEasy.

The Internal Transcribed Spacer (I'TS) region 1n Amaran-
thus species contains sequence polymorphisms that enable

the identification of each of nine Amaranthus species. Single
nucleotide polymorphisms (SNPs) can be quickly genotyped
using the KASP marker system. An alignment of nine
Amaranthus species (A. palmeri, A. spinosus, A. albus, A.
blitoides, A. aremnicola, A. tuberculatus, A. hybridus, A.
powellii, and A. retroflexus) (FIG. 5) shows where SNPs
occur among the species. FIG. 5A indicates (with ) where
a double SNP (two consecutive nucleotides) differentiates A.
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palmeri Trom the other eight species (Table 6; see FIG. 6 for

entire ITS alignment). Table 7 lists the A. palmeri specific
forward primer used 1n a KASP assay to amplily this specific
sequence, along with the forward primer that amplifies the

other eight species and the universal reverse primer.

FIG. 5B indicates with a single =~ where A. tuberculatus
can be distinguished from seven other common Amaranthus
species (Table 6). FIG. 6 shows the I'TS alignment across the
species. A. arenicola 1s a rarer species that 1s closely related
to A. tuberculatus and cannot be distinguished using the I'TS
sequence (SEQ ID NO: 17-23). A. tuberculatus 1s much
more likely to be present 1n a native plant seed sample than
A. arenicola. Table 7 lists the A. tuberculatus specific
forward primer used 1n a KASP assay to amplify this specific
sequence, along with the forward primer that amplifies the
other seven species and the universal reverse primer.

Additionally, a SNP 1n the acetolactate synthase (ALS)
gene enables 1dentification of waterhemp from Palmer ama-
ranth, spiny amaranth, Powell amaranth, and redroot pig-
weed (See FIG. 8 for alignment of ALS sequence among five
species, SEQ ID NO: 26-30). The primers for this KASP
assay are listed 1n Table 8.

The PCR protocol for both I'TS assays 1s conducted on a
real-time thermal cycler as follows: Touch down for ten
cycles, (each cycle includes 94 C for 30 sec, followed by
annealing and amplification at 63 C for 30 sec, dropping 0.6
C per cycle). The protocol then includes 24 cycles of 94 C
for 30 sec and 57 C for 60 sec. The fluorescence 1n the plate
1s recorded after each cycle, and data from the last cycle are
used for species 1dentification.

TABLE 6

Polymorphic regions in ITS used to identify Amaranthus species.

Bold indicates common sequence for diagnostic,
primer, polymorphic sequence shown 1n parenthesesgs,

fluoresence labeled
italics

indicates universal sequence for primer used to amplify all

ceduelrlces .

Agssay

seguence

Palmer amaranth CCGGGCGTGGATGGCCTAAAA (AG/CA)GGAGCCCGCGETTTCGAGCTGC

ldentification TGCGGCGATTGETGCTGTGCAAGGCCTAGCCTAGAATGCAATCGCGETCG
in bulk SEQ ID NOT: 31
Waterhemp GGTCTGCGCCAAGGAACATGAACTTGAGCGTGCTCGTCTTGTGCCCGEET
ldentification CACCGGCGCATGGGAGTGGATGCACCCAATATTGAGTATT (G/A) AACGA
in bulk CTCTCGGCAACGGATATCTTGGCT
SEQ ID NO: 32
TABLE 7

Primers used in the Amaranthus species identification assay.

Assay Primer ID Sequence Label
Palmer amaranth >Amaranth Palmer GAAGGTGACCAAGTTCATGCTCGG FAM
identification ITS FP FAM GCGTGGATGGCCTAAAALG
in bulk SEQ ID NO: 223
>Amaranth Others GAAGGTCGGAGTCAACGGATTCGG HEX
ITS FP HEX GCGTGGATGGCCTAAAACA
SEQ ID NO: 24
>Amaranth Universal  ACCAATCGCCGCAGCAGC N/2A
ITS RP SEQ ID NO: 25
Waterhemp }Ama_Tu/AREH_ GAAGGTGACCAAGTTCATGCTATC FAM
identification ITS269 FP FAM CGTTGCCGAGAGTCGTTC
in bulk SEQ ID NO: 236
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TABLE 7-continued

22

Primerg used in the Amaranthug specieg identification asgsav.

Assay Primer ID sSequence

>Ama Others

GAAGGTCGGAGTCAACGGATTATC

Label

HEX

ITS269 FP_HEX CGTTGCCGAGAGTCGTTT
SEQ ID NO: 37
>Ama Universal ACATGAACTTGAGCGTGCTCGTC
ITS269 RP SEQ ID NO: 38
TABLE 8

Primers used KASP on ALS sequences to differentiate waterhemp
from other species including Palmer amaranth. The sequence

specific to waterhemp (AMATA)
(denoted by AMAPA)

and other Amaranthus specles
1g indicated by underlining.

Assay Primer ID Sequence Label
Waterhemp AMATA ALS KASP GAAGGTGACCAAGTTCATGCTAAA FAM
identification SNP FAM AAGAAAGCTTCCTTAACAATTCTA
in bulk GGG
SEQ ID NO: 39
AMAPA ALS KASP  GAAGGTCGCGAGTCAACGGATTAAA HEX
SNP HEX AAGAAAGCTTCCTTAACAATTCTA
GGA
SEQ ID NO: 40
AMAPA ALS KASP  GTTGAGGTAACTCGATC (A/C)ATTA N/A
RP CTAAGC
SEQ ID NO: 41
Results: As can be seen, the KASP assay for the ITS region can

FIG. 9 1s a graph showing results with the Palmer ama-
ranth forward primer (FAM) and all other Amaranthus
species forward primer (HEX). In this case, Palmer ama-
ranth seeds were mixed with redroot pigweed 1n ratios of
10:0, 8:2, 6:4, 4:6, 2:8, and 0:10 to test for specificity
between these two species. No template controls (NTC)
were included to control for non-specific fluorescence 1n the

assay. The assay 1s able to identify 1 Palmer amaranth seed
in a mixture of 4 total seeds (see 2:8 mixture ratio). FIG. 10

shows results with Palmer amaranth forward primer (FAM)
and all other Amaranthus species forward primer (HEX).
Palmer amaranth seeds were mixed with waterhemp 1n ratios
of 10:0, 8:2, 6:4, 4:6, 2:8, and 0:10 to test for specificity
between these two species. No template controls (NTC)
were 1ncluded to control for non-specific tluorescence 1n the
assay. The assay 1s able to identify 1 Palmer amaranth seed
in a mixture of 4 total seeds (see 2:8 mixture ratio).

FIG. 11 shows waterhemp forward primer (FAM) and all
other Amaranthus species forward primer (HEX). Water-
hemp seeds were mixed with Palmer amaranth 1n ratios of
10:0, 8:2, 6:4, 4:6, 2:8, and 0:10 to test for specificity
between these two species. No template controls (NTC)
were included to control for non-specific fluorescence 1n the
assay. The assay 1s able to 1dentity 1 waterhemp seed 1n a
mixture ol 4 total seeds (see 2:8 mixture ratio). One data
point 1s missing. In FIG. 12 results are shown with water-
hemp forward primer (FAM) and all other Amaranthus
species forward primer (HEX). Waterhemp seeds were
mixed with redroot pigweed 1n ratios of 10:0, 8:2, 6:4, 4:6,
2:8, and 0:10 to test for specificity between these two
species. No template controls (NTC) were included to
control for non-specific fluorescence in the assay. The assay
1s able to 1dentily 1 waterhemp seed 1n a mixture of 4 total
seeds (see 2:8 mixture ratio).
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detect at a minimum one Palmer amaranth seed 1n a mixture
of five total seeds (FIGS. 9 and 10), and one waterhemp seed
in a mixture of five total seeds (FIGS. 11 and 12). This assay
enables reliable assessment of an Amaranthus seed mixture
as to whether or not 1t contains the species of interest, Palmer
amaranth or waterhemp.

The KASP assay for the ALS SNP can accurately differ-
entiate waterhemp from Palmer amaranth (FIG. 13), and this

assay can also be used to diflerentiate waterhemp 1n a
mixture with spiny amaranth, Powell amaranth, and redroot
pigweed. Synthetic hybrids were created by mixing Palmer
and waterhemp DNA 1n a 50:50 mixture. A KASP assay with
a waterhemp forward primer (HEX, AMATA) and a Palmer
amaranth forward primer (FAM, AMAPA) was used to
identily samples 1ncluding known waterhemp, known
Palmer amaranth, synthetic hybrids, and unknown samples
(shown to be Palmer amaranth). No template controls (NTC)
were included to control for non-specific fluorescence 1n the
assay.

LITERATURE CITED

Berger S T, Netherland M D, MacDonald G E (2015)
Laboratory documentation of multiple-herbicide toler-
ance to fluniddone, norflurazon, and topramazone 1n a
hybrid watermilfoil (Myriophyvilum spicatumxM. sibivi-
cum) population. Weed Sc1 63:235-241.

Cofley B T, McNabb C D (1974) FEurasian water-milioil 1n
Michigan. Mich Bot 13:159-165.

Couch R, Nelson E (1988) Myriophyilum quitense (Halor-
agaceae) 1n the United States. Brittonia 40:85-88.

Doyle I (1991) DNA protocols for plants—CTAB total
DNA 1solation. In ‘Molecular techniques 1n taxonomy’.

(Eds G M Hewitt, A Johnston) pp. 283-293 Springer:
Berlin.




US 9,963,750 B2

23

Eiswerth M E, Donaldson S G, Johnson W S (2000) Poten-
tial environmental impacts and economic damages of
Eurasian watermilioil (Myriophyilum spicatum) in West-
ern Nevada and Northeastern California. Weed Technol
14:511-518.

Grale S F, Boutin C, Pick F R, Bull R D (2014) A
PCR-RFLP method to detect hybridization between the
invasive Burasian watermilioil (Myriophyllum spicatum)
and the native northern watermilioll (Myriophyilum
sibiricum), and 1ts application 1n Ontario lakes. Botany
03:117-121.

Hovick S M, Whitney K D (2014) Hybridisation 1s associ-

ated with increased fecundity and size in invasive taxa:
meta-analytic support for the hybndisation-invasion

hypothesis. Ecol Lett 17:1464-1477.

LaRue E A, Zuellig M P, Netherland M D, Heilman M A,
Thum R A (2013) Hybnd watermilioil lineages are more
invasive and less sensitive to a commonly used herbicide
than their exotic parent (Eurasian watermilioil). Evol
Appl 6:462-471.

Madsen J D, Sutherland J, Bloomtfield J, Eichler L, Boylen
C (1991) The decline of native vegetation under dense
Furasian watermilioil canopies. J Aquatic Plant Mgmt

10

15

20

24

phyvllum spicatumxM. sibivicum) populations in North
America. Biol Inv 9:559-570.

Moody M L, Les D H (2002) Evidence of hybrnidity 1n
invasive watermilioill (Myriophyllum) populations. Proc
Natl Acad Sc1 USA 99:14867-14871.

Moody M L, Palomino N, Weyl P S, Coetzee J A, Newman
R M, Harms N E, Liu X, Thum R A (2016) Unraveling the

biogeographic origins of the FEurasian watermilioil
(Myriophyllum spicatum) invasion 1 North America. Am
] Bot 103:709-718.

Olden J D, Tamayo M (2014) Incentivizing the public to
support invasive species management: Eurasian milfoil
reduces lakefront property values. PloS one 9:¢110438.

Semagn K, Babu R, Heamne S, Olsen M (2014) Single
nucleotide polymorphism genotyping using Kompetitive
Allele Specific PCR (KASP): overview of the technology
and its application 1 crop improvement. Mol Breeding
33:1-14.

Sturtevant A P, Hatley N, Pullman G, Sheick R, Shorez D,
Bordine A, Mausolf R, Lewis A, Sutter R, Mortimer A
(2009) Molecular characterization of Eurasian watermil-
to1l, northern milfoil, and the invasive interspecific hybrid

in Michigan lakes. J Aquatic Plant Mgmt 47:128.
Zuellig M P, Thum R A (2012) Multiple introductions of

29:94-99, invasive Eurasian watermilfoil and recurrent hybridiza-
- - - - 25 - - - - - -
Moody M, Les D (2007) Geographic distribution and geno- tion with northern watermilfoll in North America. J
typic composition of invasive hybrid watermilioil (Myrio- Aquatic Plant Mgmt 50:1-19.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 47
<210> SEQ ID NO 1
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE :
<223> OTHER INFORMATION: Forward Primer ITS Region
<400> SEQUENCE: 1
ggaagtaaaa gtcgtaacaa gg 22
<210> SEQ ID NO 2
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE :
<223> OTHER INFORMATION: Primer Reverse
<400> SEQUENCE: 2
tcctecegett attgatatgce 20
<210> SEQ ID NO 3
<211> LENGTH: 753
<212> TYPE: DNA
<213> ORGANISM: Myriophyllum gspictum
<400> SEQUENCE: 3
ggaagtaaaa gtcgtaacaa ggtttccgta ggtgaacctg cggaaggatc attgtcgaaa 60
cctgcacagc agaacgaccce gtgaactaat aaacacccgg ggggagagga gggagctgca 120
cttgtgcggce gccacccectce gcceccecccagt gcectagacgce gccccecctgcece acaccggact 180
ttgttcggeg tcggcaggag gtcegtccatg gcgacaataa caaaccccgg cgcggaaagc 240
gccaaggaaa tcatgacgaa cttagcacac cactagccga cttgtgcggce agcecggegttyg 200
caaacttcga tacctaaacg actctcggca acggatatct cggctcectcgce atcgatgaag 260



aacgtagcga

gaacgcaagt

cgegttgcetc

ccegtgectyg

agcggtggtt

catccccgac

ccgcectgagtt

aatgcgatac

tgcgcccgaa

ccadaaagCcccda

cgcacggcty

gataactcag

gcgceccegtete

taagcatatc

<210> SEQ ID NO 4

<«211> LENGTH:
<212> TYPE:

751
DNA

25

ttggtgtgaa
gccattcggc
cccttcaagg
gcctaaatgc
cetttgttge
gacggcgttt

aataagcgga

ttgcagaatc

cgagggcacyg
ataaggcgct
aagcctgggyg
gccgtgceccy
gcatcgcgac

gg94a

<213> ORGANISM: Myriophyllum sibiricum

<400> SEQUENCE: 4

ggaagtaaaa

cctgcacagce

cttgtgcggc

gttcggcgtce

caaggaaatc

aacttcgata

cgtagcgaaa

acgcaagttyg

cgttgctcecec

cgtgcctgtyg

cggtggttga

tcceccgacgc

gctgagttta

gtcgtaacaa

agaacgacct

accacccctt

ggcaggaggt

atgacgaact

cctaaacgac

tgcgatactt

cgccoccgaagc

AaadgCcCCacCcC

cacggatggc

taactcagcc

gctgtctcga

agcatatcaa

<210> SEQ ID NO b5

<211> LENGTH:
«212> TYPERE:

163
DNA

ggtttccgta

gtgaactaat

gcccecccagt

cgtccecgtggc

tagcacaccyg

tctcocggcaac

ggtgtgaatt

cattcggccy

cttcaaggat

ctaaatgcaa

tttgttgegt

cggcgtttgc

taagcggagg

ggtgaacctg

aaacacccgg

gcctagacgc

gacaataaca

ctagccgact

ggatatctcg

gcagaatccc

agggcacgtc

atggtgctgc

gcectgggggt

cgtgccacgcec

atcgcgaccc

a

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Vector control 1

<400> SEQUENCE: 5

US 9,963,750 B2

-continued

ccgtgaacca

tctgcctggy
gcggaagcag
gtgacgaaag
ccgtgceccecect

cccaggtcag

cggaaggatc
gdggcgagga
ccocectgceca
aaccccggcy
tgtgcggcag
gctctcgecat
gtgaaccatc
tgccetgggey
ggaagcagat
gacgaaagyy

gtgccccttyg

caggtcaggc

tcgagttttt

cgtcacgtat

atattggcct

ggtcacgaca

tggagctcag

gcgggactac

attgtcgaaa

gggagctgca
caccggactt
cggaaagcgc
cggcgttgca
cgatgaagaa
gagtttttga
tcacgtatcyg
attggcctcc
tcacgacaag
gagctcagca

gggactaccc

catgacgaac ttagcacacc gctagceccgac ttgtgcecggca geggcegttge aaacttcogat

acctacaaag cccacccectte aaggatatgg tgctgcggaa gcagatattg gataactcag

cctttgttge gtegtgoccecg ccecgtgcecceccect tggagcetcag cat

<210> SEQ ID NO 6
<211> LENGTH: 21

<212> TYPERE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223> OTHER INFORMATION: Primer

<400> SEQUENCE: o

catgacgwac ttagcacacc g

<210> SEQ ID NO 7

420

480

540

600

660

720

753

60

120

180

240

300

360

420

480

540

600

660

720

751

60

120

163

21

26



27

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 7

catgacgaac ttagcacacc a

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

taggtatcga agtttgcaac gc

<210> SEQ ID NO ©

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

caatatctgc ttccgcagca

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 10

caatatctgc ttccgcagceg

<210> SEQ ID NO 11

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 11

caaagcccac ccttcaagga

<210> SEQ ID NO 12

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 12

gataactcag cctytgttgce gt

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 13

US 9,963,750 B2

-continued

21

22

20

20

20

22

28



29

gataactcag cctttgttgce gc

<210>
<211>
<«212>
<213>
<220>
223>

<400>

atgctgagcet

<210>
<211>
<212 >
<213>
220>
<223 >

<400> SEQUENCE:

SEQUENCE :

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

20
DNA

14

ccaaggggca

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

21
DNA

15

gaaggtgacc aagttcatgce t

<210>
<211>
<212 >
<213>
<220>
<223 >

<400> SEQUENCE:

SEQ ID NO 16
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

21
DNA

16

gaaggtcgga gtcaacggat t

<210>
<211l>
<212>
<213>
<400>
tcgaaaccty
ctagcgaagc
tgtgaggggt
aacttgagcy
attgagtatt
agcgaaatgc
caagttgcgc
ccoccaaccec
gtggatggcc

aggcctagcec

ctagagcgtt

SEQUENCE :

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Amaranthus palmeri

631
DNA

17

ccaagcagat

cttacggacy

gctgctcegat

tgctcgtctc

aaacgactct

gatacttggt

ccgaagcectt

gcctagcetgce

taaaaaggga

tagaatgcaa

gcccygaygydcC

«<210> SEQ ID NO 18

<211> LENGTH:
«212> TYPE:

632
DNA

tgaccagcga

agctattgca

gcaacaacga

gtgﬂﬂﬂgggt

cggcaacgga

gtgaattgca

tggccagggc

gg9agygycy

gccecgeggtt

tcgegtegcea

gaccaaccac

acatgtttat

ccectectecce

accceggegc

ccoccocggegcea

tatcttgget

gaatcccocgtyg

acgtctgcect

aggaggatgg

tcgagcectgcet

cagagcgtgg

t

<213> ORGANISM: Amaranthus spinosus

<400> SEQUENCE:

18

US 9,963,750 B2

-continued

catacgtgga

aacgtcgggce
ggtctgogec
tgggagtgga
ctcgcatcga

aaccatcgag

gggcgtcacg

tctcccatgc

gcggcegattyg

accttgtggce

gcggggtgcec
ggtgctcctt
aaggaacatyg
tgcacccagt
tgaagaacgt
tttttgaacyg

caatgcgtct

ctcgcaegggce
gtggtgtgca

cttgaggacc

tcgaaacctg cctagcagat tgaccagcga acatgttata tcatacgtgg ageggggtgc

30

22

20

21

21

60
120
180
240
300
360
420
480
540

600

631

60



cctagcgaag

ttgtgagggy

gaacttgagc

tattgagtat

tagcgaaatyg

gcaagttgcyg

tccecceccaacce

cgtggatggc

aaggcctagc

cctagagcegt

ccttacggac

tgctgctcga

gtgctcgtct

taaacgactc

cgatacttgy

cccgaagcect

cgcctagetyg

ctaaaacagg

ctagaatgca

tgcccgaggg

<210> SEQ ID NO 19
<211> LENGTH: 632

<212> TYPE:

DNA

31

gagctattgc
tgcaacaacg
cgtgeccggyg
tcggcaacygg
tgtgaattgc
ttggccaggg
cgggagyggdgc
agccecgeggt
atcgcgtcgce

cgaccaaccda

«213> ORGANISM: ZAmaranthusgs albusg

<400> SEQUENCE: 19

tcgaaacctyg

cctagcgaag

ctgcgagggy

gaacttgagc

tattgagtat

tagcgaaatyg

gcaagttgcy

tccecceccaacce

cgtggatggce

aaggcctagc

cctagagtgt

cctagcagat

ccttacggac

cgctgctcecga

gtgctcgtct

caaacgactc

cgatacttygy

cccgaagect

cgcccagctyg

ctaaaacagyg

ctagaatgca

tgcccgaggg

<210> SEQ ID NO 20
«211> LENGTH: 652

«212> TYPE:

DNA

tgaccagcga

gagctgttgce

tgcaacaacyg

Cgtgﬂﬂﬂggg

tcggcaacgy

tgtgaattgc

ctggccagygyg

Cgggagygggc

agcccacggt

atcgcgtcgc

cgaccaaccda

cceccectectcec

aacccaeggcy

tccocecggegc

atatcttggc

agaatcccgt

cacgtctgec

gaggaggatg

ttcgagcetygce

acagagcgtyg

Cct

acacgtttat

ccocctectec

aacccacggcy

tcgoccggegc

atatcttggc

agaatcccgt

cacgtctgcec

gaggaggatg

tgcgagctgc

acggtgcgtg

Cct

<213> ORGANISM: Amaranthus blitoildes

<400> SEQUENCE: 20

aaggatcatt

agcgggggtg

gcggtgcetcec

ccaaggaaca

gatgcaccca

gatgaagaac

agtttttgaa

cgcactgcgt

gcctcaccgy

tggtggtgtyg

gcctcgagga

gtcgaaacct

ccctagegaa

tctgcgagygyg

tgaacttgag

atattgagta

gtagcgaaat

cgcaagttgc

ctcceccecceccaac

gegtggatgg

caaggcctag

ccctagagtyg

gcctagcaga
gccttacgga

gcgcetgeteg

cgtgctegtce

tcaaacgact

gcgatacttyg

gcccgaagcc

ccgcoccagcet

cctaaaacag

cctagaatgc

ttgccacgagy

ttgaccagcy

cgagctgtty

atgcaacaac

tcgtgeccygy

ctcggcaacy

gtgtgaattyg

tttggccagy

gegggaggygdy

gagcccacgg

aatcgcocgteg

gcgaccaacc

US 9,963,750 B2

-continued

caacgtcggy
cggtctgegce
atgggagtga
tctcgcatcyg
gaaccatcga
tgggcgtcac
gtctcceccatyg
tgcggcgatt

gaccttgtgyg

cataagcgga

cgacgtcggg

cggtctgcgce

atgggagcdg

tctcocgecatceg

gaaccatcga

tgggcgtcac

gtctcccecgtyg
tgcggcgatt

gaccttgtgyg

aacacgttta

ccoocctecte

gaaccccggc

gtcgecggceg

gatatcttgy

cagaatcccg

gcacgtctgc

cgaggaggat

ttgcgagcetyg

cacggtgcgt

actgcgaccc

cggtgcectcect

caaggaacat

atgcacccag

atgaagaacg

gtttttgaac

gcaatgcgtc

cctegecggy

ggtggtgtgce

cctcgaggac

gcgggggtgce

cggtgctcect

caaggaacat

atgcacccaa

atgaagaacg

gtttttgaac

gcactgcgtc

cctcaccgygyg

ggtggtgtgc

cctcecgaggac

tcataagcgg

ccgacgtegyg

gcggtetgeg

catgggagcyg

ctctcgcatc

tgaaccatcg

ctgggcgtca

ggtctccoccgt

ctgcggcegat

ggaccttgtyg

ca

120

180

240

300

360

420

480

540

600

632

60

120

180

240

300

360

420

480

540

600

632

60

120

180

240

300

360

420

480

540

600

652

32



<«210> SEQ ID NO 21

<211> LENGTH:
<212> TYPERE:

632
DNA

33

<213> ORGANISM: Amaranthus arenicola

<400> SEQUENCE: 21

tcgaaacctyg

cctagcgaag

ctcagagggg

gaacttgagc

tattgagtat

tagcgaaatyg

gcaagttgcyg

tccecceccaacce

cgtggatggc

aaggcctagce

cctagagtgt

cctagcagat

ccttacggac

tgctgctcga

gtgctcgtct

tgaacgactc

cgatacttgyg

cccgaagcect

cgcctagety

ctaaaacagg

ctagaatgca

tgcccgaggg

<210> SEQ ID NO 22

<211> LENGTH:
<212> TYPE:

689
DNA

tgaccagcga

gagctgttgce

tgcaacaacyg

tgtgﬂﬂﬂggg

tcggcaacgy

tgtgaattgc

ctggccagygyg

tgggaggggc

agcccacggt

atcgegtegt

cgaccaaccda

acatgtttat

cceccectectcec

aacccaeggcy

tcaccggcgc

atatcttggc

agaatcccgt

cacgtctgcec

gaggaggdatg

ttcgagctygce

acagcgcgty

Cct

«213> ORGANISM: ZAmaranthug tuberculatus

<400> SEQUENCE: 22

acctgcggaa

ataagtggag

aacgtcgggt

ggtctgcgcec

tgggagtgga

ctcgcatcga

aaccatcgag

gggcgtcacg

tctcccatgc

gcggcegattyg

accttgtggc

ggtcaggcgyg

ggatcattgt

ggggggtgcec

ggtgctcctce

aaggaacatyg

tgcacccaat

tgaagaacgt

tttttgaacy

cactgcgtct

ctcaccgggc

gtggtgtgca

cttgaggacc

gactacccgc

<210> SEQ ID NO 23

<211> LENGTH:
<212> TYPE:

632
DNA

cgaaacctgc

ctagcgaagc

tctgaggggt

aacttgagcyg

attgagtatt

agcgaaatgc

caagttgcgc

cccccaaccc

gtggatggcc

aggcctagcec

ctagagtgtt

tgagtttaa

ctagcagatt
cttacggacy
gctgctcecgat
tgctegtett
gaacgactct
gatacttggt
ccgaagectt
gcctagectgt
taaaacagga

tagaatgcaa

gccocygaygycCc

<213> ORGANISM: Amaranthus hybridus

<400> SEQUENCE: 23

tcgaaacctyg

cctagcgaayg

ctctgagggyg

gaacttgagc

cctagcagat

ccttacggac

tgctgctcga

gtgctcgtct

tgaccagcga

gagctattgc

tgcaacaacy

tgtgcccggyg

acatgtttat

CCCCctcCcctcec

aacccaggcy

tcaccggcgc

US 9,963,750 B2

-continued

cataagtgga

caacgtcggy
cggtctgegce
atgggagtgg
tctcecgcatcy
gaaccatcga
tgggcgtcac
gtctcceccatg
tgcggcgatt

gaccttgtygyg

gaccagcgaa

agctgttgec

gcaacaacga

gtgcccgggt

cggcaacgga

gtgaattgca

tggccagggc

Jg99a9g4ygggcy

gcccacggtt

tcgegtegta

gaccaaccac

catgagtgga

caacgtcggy

cggtctgcecgce

atgggagtcg

gggggggtgc

tggtgctcect

caaggaacat

atgcacccaa

atgaagaacg

gtttttgaac

gcactgcgtc

cctcaccggy

ggtggtgtgce

ccttgaggac

catgtttatc

ccctecectecce

accccggcgce

caccggcgca

tatcttgget

gaatcccgty

acgtctgect

aggaggatgyg

tcgagcectget

cagcgcgtgyg

tgcgacccca

gedgggagcege

tggtgctcct

caaggaacat

atgcacccaa

60

120

180

240

300

360

420

480

540

600

632

60

120

180

240

300

360

420

480

540

600

660

6895

60

120

180

240

34



taatgagtat

tagcgaaatyg

gcaagttgcg

tccecceccaacce

cgtggatggce

aaggcctagc

cctagagegt

taaacgactc

cgatacttgyg

cccgaagcect

cacctagctyg

ctaaaacagyg

ctagaatgca

tgccecgaggy

<210> SEQ ID NO 24

<211> LENGTH:
«212> TYPERE:

631
DNA

35

tcggcaacgyg
tgtgaattgc
t cggccaggy

tgggaggggc

agcccacggt
atcgcgtcegc

cgaccaacca

atatcttggc

agaatcccgt

cacgtctgcec

gaggaggatg

ttcaagctgc

acagtgcgtt

at

<213> ORGANISM: Amaranthus powelliil

<400> SEQUENCE: 24

tcgaaacctyg

cctagcgaag

ttttgagggg

gaacttgagc

tattgagtat

tagcgaaatyg

gcaagttgcyg

tccoccecccaacce

cgtggatggce

aaggcctagce

ctagagcgtt

cctagcagat

ccttacggac

tgctgctcga

gtgctcgtct

taaacgactc

cgatacttgyg

cccgaagcect

cgcctagcety

ctaaaacagyg

ctagaatgca

gcocygayyyc

<210> SEQ ID NO 25

<211> LENGTH:
<212> TYPE:

632
DNA

tgaccagcga

gagctattgc

tgcaacaacyg

tgtgﬂﬂﬂggg

tcggcaacgyg

tgtgaattgc

ctggccaggyg

tgggaggggc

agcccacggt
atcgcegtcegce

gaccaaccac

acatgtttat

cctctectcec

aacccaeggcy

tcaccggcgc

atatcttggc

agaatcccgt

cacgtctgec

gaggaggatg

ttcgagetgce

acagtgcgta

t

«<213> ORGANISM: Amaranthug retroflexus

<400> SEQUENCE: 25

tcgaaacctyg

cctagcgaag

ctttgagggg

gaacttgagc

tattgagtat

tagcgaaatyg

gcaagttgcy

tccoccecccaacce

cgtggatggce

aaggcctagc

cctagagcegt

cctagcagat

ccttacggac

tgctgctcga

gtgctcgtct

taaacgactc

cgatacttygy

cccgaagect

cgcctagcety

ctaaaacagyg

ctagaatgca

tgcccgaggg

<210> SEQ ID NO 26

<211> LENGTH:
<212> TYPERE:

2006
DNA

tgaccagcga

gagctattgc

tgcaacaacyg

tgtgcccggyg

tcggcaacgy

tgtgaattgc

ctggccagygyg

tgggaggggc

agcccacggt

atcgcgtcgc

cgaccaaccda

acatgtttat

ccocctectec

aacccacggcy

tcaccggcgc

atatcttggc

agaatcccgt

cacgtctgcec

gaggaggatg

tttgagctgc

acagtgcgta

Cct

«213> ORGANISM: ZAmaranthug tuberculatus

US 9,963,750 B2

-continued

tctcogecatceg

gaaccatcga

tgggcgtcac

gtctcccatyg

tgcggcgatt

gaccttgtgy

catgagtgga
caacgtcggyg
cggtctgcecgce
atgggagtgg
tctcogecateg
gaaccatcga
tgggcgtcac
gtctcccaty
tgcggcgatt

gccttgtggce

catgagtgga
caacgtcggyg
cggtctgcgce
atgggagtgyg
tctcocgecatceg

gaaccatcga

tgggcgtcac

gtctcccaty

tgcggcgatt

gaccttgtgyg

atgaagaacg

gtttttgaac

gcactgcgtc

cctcaccgygyg

ggtggtgtgce

ccttgaggac

gegggagcege

tggtgctcect

caaggaacat

atgcacccaa

atgaagaacg

gtttttgaac

gcactgcegtc

cctcaccecgygy

ggtggtgtgc

cttgaggacc

gcgggtgegce

tggtgctcect

caaggaacat

atgcacccaa

atgaagaacg

gtttttgaac

gcactgcgtc

cctcaccecgygy

ggtggtgtgce

ccttgaggac

300

360

420

480

540

600

632

60

120

180

240

300

360

420

480

540

600

631

60

120

180

240

300

360

420

480

540

600

632

36



<400> SEQUENCE: 26

atggcgtcca

ttcaatcctc

caatcctccg

CtCCttCCgC

ttgttttceg

ttgaacgtga

atcaagctct

gggttttcgce

cttcectggtcec

tcecegettgt

aagagactcc

atgttgagga

ctggacctgt

gggaacagcc

ctaatgaaga

tgctgtatac

tgacagggat

atttatcact

aggctgattt

aggcgtttgc

agaataagca

ataatatttt

aattgaatga

ctccgcaata

ccggtgttgg

aatggctgac

ctgctgttgc

tgaatgttca

tgaacaatca

gggcacatac

aatttgctga

ctgcaattca

atcaggagca

agggtgatgg

cttctcaacc

catttatgct

CCgCCCtCtt

tactataact

atttagccct

aggtgttacc

tactcgttet

tgctgaaggc

gggtgctact

cgccattact

tattgttgag

tatccctaga

tttgattgat

cattaaattyg

gggacttctt

tggaggtggyg

tcecggttget

tcaaatgttyg

gttgcttget

tagccgggcet

acctcatgtyg

ggaatctaga

gcagaaaaag

tgccattcag

gcagcaccaa

thgggtggt

tcgaccagat

agagttggct

acatttaggt

atacctcggr

agcatgtgat

aacaatgttyg

tgtgctgcct

aagaagggct

<210> SEQ ID NO 27

<211> LENGTH:
<212> TYPE:

2009
DNA

37

accattttct
cCcccttttet
caaatctcat
caatcacctt
gatgaaccca
gatgtttttyg
aatatcatta
tacgctcecgtg
aatcttgttt
gggcaagttc
gtaactcgat
attgttaagg
attcctaaag
ggtgggtatc
gatcaaattyg
tgtttgaatt
agtactttaa
ggaatgcacyg
ttcggcgtta
aagattgtgc
tcgatttgty
aaaggaaagg
aagtttcctt
gttctggacy
atgtgggctyg
ttgggggcta
gcggtggttyg
acgattaggg
atggttgttc
aatccwtcca

ataccagcag
gatactccag

atgatcccta

tattag

CCcLtttacta

ccaattctct

catcttcttc

catctctcac

gaaaaggttyg

cttaccctgy

gaaatgttct

ctactggacy

ccggttttgc

ctcggegtat

caattactaa

aagctttett

atattcagca

tttctaggtt

tgaggttggt

ctagtgaaga

tggggttggyg

ggactgtgta

ggtttgatga

acatcgatat

gtgatgttaa

tgaaattgga

tgagttttaa

agttaacgaa

cccaatttta

tggggtttgyg

tagacattga

tggagaatct

aatgggaaga

attcttemga

ccegtgttac

gaccatatct

geggtgecgce

<213> ORGANISM: Amaranthus palmeri

<400> SEQUENCE: 27

US 9,963,750 B2

-continued

acctaacaaa

taaacccgct

tcaatcacct

cgatgataaa

cgatgttctce

tggagcttcce

tcctcgacat

tgttggagtt

tgatgcactt

gattggtact

gcataattat

tttagctaat

acagttggtt

gcctaaaccc

gggtgagtct

attgaggaaa

ggctttccct

cgcgaattac

tcgagtgact

cgattctget

agtggcatta

Cttctctaat

gactttcggy

gggtgatgceg

taagtaccga

tctaccagcc

tggggacggy

ccecggttaaa

tcgattttac

aatcttcccg

caaggtgagc

gctggatgta

cttcaaggac

atccctaatc
Ccttcatctt
aaacctaaac
ccctettcett
gttgaagctc
atggaaatcc
gaacaaggtyg
tgtattgcca
cttgactcag
gatgcttttc
ttggtgttag
tctggtagac
gttcctaact
actttttctg
aagagacctyg
tttgtcaagt
tgtactgatyg
gcggtggata
gggaagctcyg
gaaatcggga
cgggggttga
tggagggagyg
gatgcaattc
attgtaagta
aatcctcegec
gctattggag
agttttatca
atcatgctct
aaagctaacc
gatatgctsa
gatttaaggg

atcgtaccac

accatcacag

60

120

180

240

300

360

420
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atggcgtcca

aatctgcaat

CCCLCCcttctt

aaacctaaac

cCcCctcttcectt

gttgaagctc

atggaaatcc

gaacaaggtyg

tgtattgcca

cttgactcag

gatgctttte

ttggtgttag

tctggtagac

gttcctaatt

acttattctg

aagagacctyg

tttgtcgaat

tgtactgatyg

gcggttgata

ggtaagcttyg

gaaatcggga

cagggtttga

tggagggagy

gatgcaattc

gttgtaagta

aatcctcgcc

gctattggag

agttttatca

atcatgctct

aaagctaacc

gatatgctca

gatttaaggy

atcgtaccac

accatcacag

cttcaacaaa

catccattta

caatcctccg

CtCCttCCgC

ttgttteceg

ttgaacgtga

atcaagctct

gggttttcgc

cttctggtcc

tccecgettgt

aagagactcc

atgttgagga

ctggacctgt

gggaacagcc

ctaatgaaga

tgctgtatac

tgacagggat

atttatcact

aggccgattt

aggcgtttgc

agaataagca

ataagatttt

agttgaatga

ctccgcaata

chgtgttgg

aatggctgac

ctgctgttgc

tgaatgttca

tgaacaatca

gggcacatac

aattcgctga

ctgcaattca

atcaggagca

agggtgatgg

«<210> SEQ ID NO 28

<211> LENGTH:
«212> TYPE:

2009
DNA

39

cccaccattt
cgctatccct
ccgecoctett
tactataact
atttagccct
aggtgttacc
tactcgttet
tgctgaaggc
aggtgctact
cgccattact
aattgttgag
tattcctaga
tttgattgat
cattaaattg
gggacttctt
tggaggtggyg
tccggtggcet
tcatatgttyg
gttgettget
tagccgggct
acctcatgtg
ggaatctaga
gcagaaaaag
cgccattcag
gcagcaccaa
ctcgggtggt
tcgaccagat
agagttggct
acatttaggt
atacctcgygg
agcatgtgat
aacaatgttg

tgtgctgect

aagaagggc

CCcCtCctttta

CtLttccaatt

caaatctcat

caatcacctt

gaagaaccca

gatgtttttg

aatatcatta

tacgctcegtyg

aatcttgttt

gggcaagttc

gtaactcgat

attgttaagyg

attcctaaag

ggtgggtatc

gatcaaattg

tgtttgaatt

agtactttaa

ggaatgcatg

ttcggggtta

aagattgtgc

tcgatttgty

aaaggaaagyg

aagtttcctt

gttcttgacy

atgtgggctg

ttgggggcta

gcggtggttyg

acgattaggyg

atggttgttc

aatccttcececa

ataccagcayg

gatactccag

atgatcccta

<213> ORGANISM: Amaranthus spinosus

<400> SEQUENCE: 28

US 9,963,750 B2

-continued

ctaaacctaa

ctcttaaacc

catcttcttc

catctctcac

gaaaaggttyg

cttaccctygyg

gaaatgttct

ctactggacy

ctggtcttgce

ccecggegtat

ccattactaa

aagctttett

atattcagca

tttctaggtt

taaggttagt

ctagtgaaga

tggggttggg

ggactgtgta

ggtttgatga

acatcgatat

gtgatgttaa

tgaaattgga

taagttttaa

agttgacgaa

cccaattcta

tggggtttgyg

tagacattga

tggagaatct

aattggaaga

attcttcecga

ctcgtgttac

gaccgtatct

geggtgecgce

caaaatccct

cacttcttct

Ccaatcacct

cgatgataaa

cgatgttctce

tggagcatcc

tccctcecgacat

cgttggagtt

tgatgcactt

gattggtact

gcataattat

tttagctaat

acaattagtt

gcctaaaccc

gggtgagtct

attgaggaaa

ggctttcocct

cgcgaattac

tcgagtgact

cgattctgcet

agtggcatta

Cttctctaat

gactttcggy

gggtgatgcg

taagtaccga

tctaccagct

tggggatggyg

cccggttaaa

tcgattttac

aatcttcccg

caaggtgagc

gctggatgta

cttcaaggac

atggcgtcca cttcaacaaa cccaccattt tcecctcectttta ctaaacctaa caaaatccct

aatctgcaat catccattta cgctatccct CCttccaatt ctcttaaacc cacttcecttcect
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CCCLCCTLLtcCttE

aaacctaaac

CCCLcCcttctt

gttgaagctc

atggaaatcc

gaacaaggtg

tgtattgcca

cttgactcag

gatgctttte

ttggtgttag

tctggtagac

gttcctaatt

acttattctg

aagagacctyg

tttgtcgaat

tgtactgatyg

gcggttgata

ggtaagcttyg

gaaatcggga

cagggtttga

tggagggagyg

gatgcaattc

gttgtaagta

aatcctcgcec

gctattggag

agttttatca

atcatgctct

aaagctaacc

gatatgctca

gatttaaggyg

atcgtaccac

accatcacag

caatcctcecg

CtCCttCCgC

ttgtttcceg

ttgaacgtga

atcaagctct

gggttttcgce

cttctggtcc

tccecgettgt

aagagactcc

atgttgagga

ctggacctgt

gggaacagcc

ctaatgaaga

tgctgtatac

tgacagggat

atttatcact

aggccgattt

aggcgtttgc

agaataagca

ataagatttt

agttgaatga

ctccgcaata

ccggtgttgg

aatggctgac

ctgctgttgc

tgaatgttca

tgaacaatca

gggcacatac

aattcgctga

ctgcaattca

atcaggagca

agggtgatgg

<210> SEQ ID NO 29

<211> LENGTH:
<212> TYPERE:

2065
DNA

41

ccgecctett
tactataact
atttagccct
aggtgttacc
tactcgttet
tgctgaaggc
aggtgctact
cgccattact
aattgttgag
tattcctaga
tttgattgat
cattaaattg
gggacttctt
tggaggtggyg
tccggtggcet
tcatatgttyg
gttgcttgcet
tagccgggct
acctcatgtg
ggaatctaga
gcagaaaaag
cgccattcag
gcagcaccaa
ctcgggtggt
tcgaccagat
agagttggct
acatttaggt
atacctcgygg
agcatgtgat
aacaatgttg
tgtgctgcct

aagaagggc

caaatctcat
caatcacctt
gaagaaccca
gatgtttttyg
aatatcatta
tacgctcgtg
aatcttgttt
gggcaagttc
gtaactcgat

attgttaagg
attcctaaag
ggtgggtatc
gatcaaattyg
tgtttgaatt
agtactttaa
ggaatgcatyg
ttcggggtta
aagattgtgc
tcgatttgtyg
aaaggaaagg
aagtttcctt
gttcttgacy
atgtgggctg
ttgggggcta
gcggtggttg
acgattaggg
atggttgttc
aatccttcca
ataccagcag
gatactccag

atgatcccta

<213> ORGANISM: Amaranthus powellii

<400> SEQUENCE: 29

US 9,963,750 B2

-continued

catcttcttc

catctctcac

gaaaaggttyg

cttaccctygyg

gaaatgttct

ctactggacg

ctggtcecttgce

ccecggegtat

ccattactaa

aagctttctt

atattcagca

tttctaggtt

taaggttagt

ctagtgaaga

tggggttggyg

ggactgtgta

ggtttgatga

acatcgatat

gtgatgttaa

tgaaattgga

taagttttaa

agttgacgaa

cccaattcta

tggggtttgg

tagacattga

tggagaatct

aattggaaga

attcttccga

ctcgtgttac

gaccgtatct

gcggtgecegce

Ccaatcacct

cgatgataaa

cgatgttctce

tggagcatcc

tcctcgacat

cgttggagtt

tgatgcactt

gattggtact

gcataattat

tttagctaat

acaattagtt

gcctaaaccecce

gggtgagtct

attgaggaaa

ggctttccct

cgcgaattac

tcgagtgact

cgattctget

agtggcatta

Cttctctaat

gactttcggy

gggtgatgcg

taagtaccga

cctaccagct

tggggatggg

cceggttaaa

tcgattttac

aatcttcccg

caaggtgagc

gctggatgta

cttcaaggac

Cttcaagctt caacaatggc gtccacttct tcaaacccac cattttcectce ttttactaaa

cctaacaaaa tccctaatct gcaatcatcc atttacgcta CLCCcCtttttce caattctctt

aaacccactt CtLcCttcttc aatcctccgcec cgcececcCctcttc aaatctcatc atcttcecttcet
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caatcaccta

gatgataaac

gatgttctcg

ggagcatcca

cctecgacaty

gttggagttt

gatgcacttc

attggtactyg

cataattatt

ttagctaatt

caattagttyg

cctaaaccca

ggtgagtcta

ttgaggaaat

gctttecett

gcgaattacyg

cgagtgactyg

gattctgctyg

gtggcattac

Ctctctaatt

actttcggygy

ggcgatgegg

aagtaccgaa

ctaccagctyg

ggggatggga

ccggttaaaa

cgattttaca

atcttcecececgy

aaggtgagcg

ctggatgtaa

ttcaaggaca

tatagaggag

aacctaaacc

CCCLCCCcCttt

ttgaagctct

tggaaattca

aacaaggtgy

gtattgccac

ttgactcagt

atgcttttca

tggtgttaga

ctggtagacc

ttcctaattyg

cttattctgce

agagacctgt

ttgtcgaatt

gtactgatga

cggttgataa

gtaagctcga

aaatcgggaa

aggggttgaa

ggagyggagga

atgcaattcc

ttgtaagtac

atcctcgcca

ctattggagc

gtttcatcat

tcatgctett

aagctaaccyg

atatgctcaa

atttaaggac

tcgtaccaca

ccataacaga

aagcttttty

<210> SEQ ID NO 30

<211> LENGTH:
<212> TYPERE:

2065
DNA

43

tcecttecget
tgtttcccga
tgaacgtgaa
tcaagctctt
ggttttceget
ttctggtcca
ceectettgtce
agagactcca
tgttgaggat
tggacctgtt
ggaacagccc
taatgaagag
gctgtatact
gacaggtatt
CCLtatctctt
ggccgatttyg
ggcgtttgcet
gaataagcaa
taagattttyg
gttgaatgag
tccgcaatac
tggtgttggyg
atggctgacc
tgctgttget
gaatgttcaa
gaacaatcaa
ggcacataca
atttgctgaa
tgcaattcaa
tcaggagcat
gggtgatgga

tagga

actataactc

tttagccctyg

ggtgttaccy

actcgttcta

gctgaaggcet

ggtgctacta

gccattacty

attgttgagyg

attcctagaa

ttgattgata

attaaattgyg

ggacttcttg

ggaggtgggt

ccggtggceta

catatgttgg

ttgcttgett

agccgggcta

cctcatgtgt

gaatctagaa

cagaaaaaga

gccattcagg

cagcaccaad

tcgggtggtt

cgaccagatyg

gagttggcta

catttaggta

tacctcggga

gcatgtgata

acaatgttgg

gtgctgccta

agaagggctt

<«213> ORGANISM: Amaranthusgs retroflexus

<400> SEQUENCE: 30

cttcaagctt

cctaacaaaa

aaacccactt

caatcaccta

caacaatggc

tcccectaatctct

CCECLLCLCLC

aacctaaacc

gtccacttct

gcaatcatcc

aatcctccecgc

tcecttecget

tcaaacccac

atttacgcta

CgCcCcCctCcttc

actataactc

US 9,963,750 B2

-continued

aatcaccttc

aagaacccag

atgtttttge

atatcattag

acgctegtgce

atcttgttte

ggcaagttcc

taactcgatc

ttgttaagga

ttcctaaaga

gtgggtatct

atcaaattgt

gtttgaattc

gtactttaat

gaatgcacgg
ttggggttag
agattgtgca
cgatttgtgy
aaggaaaggt
agtttccttt
ttcttgacga
tgtgggctgc
tgggggctat
cggtggttgt
cgattagggt
tggttgttca
atccttccaa
taccagcagc
atactccagyg
tgatccctag

attagttggt

cattttcctce

CCCCLCLLLtLC

aaatctcatc

aatcaccttc

gtctctcacc

aaaaggttgc

ttaccctggt

aaatgttectt

tactggacgc

tggtcttget

ccggegtatyg

cattaccaag

agctttettt

tattcagcaa

ttctaggttyg

aaggttagtg

tagtgaagaa

ggggttgggy

gactgtgtac

gtttgatgat

catcgatatc

tgatgttaaa

gaaactggat

gagttttaag

gttgacgaag

ccaattctat

ggggtttggt

agacattgat

agagaatctc

atgggaagat

ttcttecgaa

ccgtgttacce

accgtatctg

cggtgcocgec

tggagatcct

Ctttactaaa

caattctctt

atcttcttct

gtctctcacc
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gatgataaac

gatgttctcg

ggagcatcca

cctecgacatyg

gttggagttt

gatgcacttc

attggtactyg

cataattatt

ttagctaatt

caattagttyg

cctaaaccca

ggtgagtcta

ttgaggaaat

gctttecett

gcgaattacg

cgagtgactyg

gattctgctg

gtggcattac

Ctctctaatt

actttcgggy

ggcgatgcegyg

aagtaccgga

ctaccagctyg

ggggatggga

ccggttaaaa

cgattttaca

atcttcececgy

aaggtgagcg

ctggatgtaa

ttcaaggaca

tatagaggag

CCCLCCTLCLLE

ttgaagctct

tggaaattca

aacaaggtgy

gtattgccac

ttgactcagt

atgcttttca

tggtgttaga

ctggtagacc

ttcctaattyg

cttattetgce

agagacctgt

ttgtcgaatt

gtactgatga

cggttgataa

gtaagctcga

aaatcgggaa

aggggttgaa

ggagyggagga

atgcaattcc

ttgtaagtac

atcctcgcecca

ctattggagc

gttttatcat

tcatgctett

aagctaaccy

atatgctcaa

atttaagggc

tcgtaccaca

ccataacaga

aagctttttyg

<210> SEQ ID NO 31
<211> LENGTH: 96

<212> TYPE:

DNA

45

tgtttcceccyga
tgaacgtgaa
tcaagctctt
ggttttecget
ttctggtcca
ccectettgte
agagactcca
tgttgaggat
tggacctgtt
ggaacagccc
taatgaagag
gctgtatact
gacaggtatt
CLtatctctt
ggccgatttyg
ggcgtttgct
gaataagcaa
taagattttyg
gttgaatgag
tccgcaatac
tggtgttggyg
atggctgacc
tgctgttgcet
gaatgttcaa
gaacaatcaa
ggcacataca
atttgctgaa
tgcaattcaa
tcaggagcat
gggtgatgga

tagga

tttagtccty
ggtgttaccyg
actcgttcta
gctgaaggct
ggtgctacta
gccattactg
attgttgagyg
attcctagaa
ttgattgata
attaaattgyg
ggacttcttyg
ggaggtgggt
ccggtggceta
catatgttgg
ttgcttgett
agccgggcta
cctcatgtgt
gaatctagaa
cagaaaaaga
gccattcagyg
cagcaccaaa
tcgggtggtt
cgaccagatyg
gagttggcta
catttaggta
tacctcggga
gcatgtgata
acaatgttgg
gtgctgccta

agaagggctt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

US 9,963,750 B2

-continued

aagaacccag

atgtttttge

atatcattag

acgctcegtgce

atcttgttte

ggcaagttcc

taactcgatc

ttgttaagga

ttcctaaaga

gtgggtatct

atcaaattgt

gtttgaattc

gtactttaat

gaatgcacgg
ttggggttag
agattgtgca
cgatttgtgy
aaggaaaggt
agtttccttt
ttcttgacga
tgtgggctgc
tgggggctat
cggtggttgt
cgattagggt
tggttgttca
atccttccaa
taccagcagc
atactccagyg
tgatccctag

attagttggt

aaaaggttgc

ttaccctggt

aaatgttctt

tactggacgc

tggtcettget

ccggegtatg

cattaccaag

agctttettt

tattcagcaa

ttctaggttyg

aaggttagtg

tagtgaagaa

ggggttgggyg

gactgtgtac

gtttgatgat

catcgatatc

tgatgttaaa

gaaattggat

gagttttaag

gttgacgaag

ccaattctat

ggggtttggt

agacattgat

agagaatctc

atgggaagat

ttcttecgaa

ccgtgttacce

accgtatctg

cggtgacgcec

tggagatcct

ccgggegtygyg atggcectaaa aagcaggage ccegceggttte gagetgcetge ggcegattggt

ggtgtgcaag gcctagecta gaatgcaatce gecgtceg

<210> SEQ ID NO 32
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US 9,963,750 B2
47

-continued

<211l> LENGTH: 121

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32
ggtctgcgee aaggaacatg aacttgagceg tgctegtcett gtgccecgggt caccggcegca
tgggagtgga tgcacccaat attgagtatt gaaacgactce tcggcaacgg atatcttggc

t

<210> SEQ ID NO 33

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 33

gaaggtgacc aagttcatgc tcgggegtgg atggcoctaaa aag

<210> SEQ ID NO 34

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

gaaggtcgga gtcaacggat tcgggcegtgg atggcoctaaa aca

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 35

accaatcgcc gcagcagc

<210> SEQ ID NO 36

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

gaaggtgacc aagttcatgce tatccecgttge cgagagtcecgt tc

<«210> SEQ ID NO 37
<211> LENGTH: 42

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

gaaggtcgga gtcaacggat tatccgttgce cgagagtcegt tt
<210> SEQ ID NO 38

<211l> LENGTH: 23

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

60

120

121

43

43

18

42

42

48



<«220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

38

49

acatgaactt gagcgtgctc gtc

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQUENCE :

SEQ ID NO 39
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

51
DNA

39

US 9,963,750 B2

-continued

gaaggtgacc aagttcatgc taaaaagaaa gcttccttaa caattctagg g

<210>
<211>
<212 >
<213>
«220>
<223 >

<400> SEQUENCE:

SEQ ID NO 40
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

51
DNA

40

gaaggtcgga gtcaacggat taaaaagaaa gcttccttaa caattctagg a

<210>
<211>
<«212>
<213>
<220>
<223 >

<400> SEQUENCE:

SEQ ID NO 41
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

29
DNA

41

gttgaggtaa ctcgatcaca ttactaagc

<210>
<211>
<212 >
<213>
<400>
gtcgtaacaa
agaacgaccc
gccacccectce
gtcggcagga
atcatgacga
atacctaaac
aaatgcgata
ttgcgcceccga

ccCcaaagCcCcC

gcgcacggcet
tgataactca

cgcgcecgtcet

SEQUENCE :

SEQ ID NO 42
LENGTH:

TYPE :
ORGANISM: Myriophyllum spicatum

706
DNA

42

ggtttccgta

gtgaactaat

gccccccagt

ggtcgtccat

acttagcaca

gactctcggce

cttggtgtga

agccattcgy

acccttcaag

ggcctaaatg

gcctttgttyg

cgacggcegtt

<210> SEQ ID NO 43

<211> LENGTH:
«212> TYPERE:

198
DNA

ggtgaacctyg

aaacacccgyg

gcctagacgc

ggcgacaata

ccactagccyg

aacggatatc

attgcagaat

ccgagggcac

gataaggcgc

caagcctggy

cgccocgtgcecc

tgcatcgcga

cggaaggatc
gygggagaggya
gccccctgec
acaaaccccg
acttgtgcgg
tcggctceteg

ccegtgaacc

gtctgcctygy

tgcggaagca

ggtgacgaaa

gcecgtgeccce

ccccaggtea

attgtcgaaa

gggagctgca
tacaccggac
gcgcyggaaay
cagcggcegtt
catcgatgaa

atcgagtttt

gcgtcacgta

gatattggcc

gggtcacgac

ttggagctca

g9¢999Y

cctgcacage

cttgtgcggce

tttgttcegge

cgccaaggaa

gcaaacttcyg

gaacgtagcyg

tgaacgcaag

tcgegttget

tccecgtgect

aagcggtggt

gcatccceccga

23

51

51

29

60

120

180

240

300

360

420

480

540

600

660

706
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<213> ORGANISM: Myriophyllum spicatum

<400> SEQUENCE: 43
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-continued

aaagcccacce cttcaaggat atggtgctgce ggaagcagat attggcectcece cgtgectgtyg

cacggatggc ctaaatgcaa gcctggggct gacgaaaggg tcacgacaag cggtggttga

taactcagcce tttgttgcegt cgtgcceccgece gtgcecceccecttg gagctcagca tceccecccgacgc

gctgtctecga

cggcgttt

«<210> SEQ ID NO 44

<211> LENGTH:
«212> TYPERE:

165
DNA

<213> ORGANISM: myriophyllum spicatum

<400> SEQUENCE: 44

aaagcccacce cttcaaggat aaggcgctgce ggaagcagat attggcectcece cgtgtcetgceg

cacggctggce ctaaatgcaa gcctgggggt gacgaaaggg tcacgacaag cggtggttga

taactcagcce tttgttgcge cgtgcceccgcece gtgceccceccttg gagcet

<210> SEQ ID NO 45

<«211> LENGTH:
<212> TYPE:

541
DNA

<213> ORGANISM: Myriophyllum spicatum

<400> SEQUENCE: 45

atacgcgccc

caataacaaa

agccgactty

atatctcggce

agaatcccgt

ggcacgtctg
ggcgcetgegy
ctgggggtga
tgcccgecgt

C

cctgccacac

ccoocggeygcy

tgcggcagcey

tctegcatcy

gaaccatcga

cctgggegtc

aagcagatat

cgaaagggtc

gccceccecttgga

<210> SEQ ID NO 46

<211> LENGTH:
«212> TYPE:

421
DNA

cggactttgt

gaaagcgcca

gcgttgcaaa

atgaagaacyg

gtttttgaac

acgtatcgcy

tggcctececy

acgacaagcyg

gctcagcatc

tcggegtegy
aggaaatcat
cttcecgatacce
tagcgaaatg
gcaagttgcyg
ttgctcccaa
tgcctgcegcea
gtggttgata

ccogacgegc

<213> ORGANISM: Myriophyllum sibiricum

<400> SEQUENCE: 46

taaagtcgac

atgggactct

tggaagtgaa

Cttattcaca

aaaaagattt

tatcattcat

actcetttty

a

ggattttcct

atctttattc

tgattttatc

aaaattcttt

gaatcatccg

ccttteggga

ttagaacaac

cttactataa

tcgtecgatt

aatgaataaa

catttttata

ttgatgttga

gtttgggtgg

ttccattgayg

atttcattgt

aatcagctcy

tgaatattcy

Cattttcata

tatagtattt

agggattcct

tcctctgcace

caggaggtcg
gacgaactta
taaacgactc
cgatacttgyg
cccgaagceca

agcccaccct

cggctggcect

actcagcctt

cgtctcecgacy

tgtcatcatt

tcaaaatctc

AtCtCtLttcCttL

aaaaaaaatt

cagtacgtat

ttaccaacgc

tcatccttctt

tccatggcga

gcacaccact

tcggcaacgy

tgtgaattgc

ttcggccecgag
tcaaggataa

aaatgcaagc

tgttgcgccyg

gcgtttgcat

gacatgtaga

tatcagattt

cacctaggaa

Ccataaaaaa

atatatggtt

aacgtagtca

CCCLttatttt

60

120

180

198

60

120

165

60

120

180

240

300

360

420

480

540

541

60

120

180

240

300

360

420

421

52
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54

-continued

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 47

LENGTH: 163

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Vector control 2
<400>

SEQUENCE: 47

catgacgaac ttagcacacc actagccgac ttgtgcggca gcecggcecgttgce aaacttcegat

acctacaaag cccaccctte aaggataagg cgctgcggaa gcagatattg gataactcag

cctttgttge geccecgtgocceg ccecgtgcecceccect tggagcetcag cat

What 1s claimed 1s:

1. A process for determining the genotype of a population
of Myriophvlium plants, plant parts, or seeds, the process
comprising,

a) providing a first primer set comprising,

(1) a first primer recogmzing a first target nucleotide
sequence 1n the genome of said Myriophylium spe-
cific to Myriophyvllum spicatum and turther compris-
ing a first reporter sequence;

(11) a second primer recognizing a second target nucleo-
tide sequence 1n the genome of said Myriophylium
specific to Myriophyllum sibivicum and further com-
prising a second reporter sequence; and

(1) a third primer recognizing a third target nucleotide
sequence 1n the genome of both Myriophyilum spi-
catum and Myriophyllum sibivicum;

b) providing a cassette comprising sequences comple-

mentary to said first and second reporter sequences
which when bound to said first or second primer
releases a first or second reporter molecule;

¢) obtaining samples comprising DNA from a plurality of
plants 1 said population of Myriophyvlium plants;

d) contacting said first primer set and said cassette with
cach of said samples under conditions such that said
primers bind to and amplify any of said nucleotide
sequences 1n said samples recognized by said primers,
and when bound to said recognized nucleotide
sequence results 1n said reporter molecule generating a
measurable signal; and

¢) detecting the presence or absence of measurable signal
and determining if said sample DNA 1n each of said
samples comprises DNA of said Myriophvilum spica-
tum, Myriophvllum sibivicum, or a hybnid of said
Myriophvllum spicatum and Myriophyvlium sibivicum to
determine the genotype of said population.

2. The method of claim 1, wherein said process 1s repeated
with a second and third primer set, each of said first, second,
and third primer sets different from each other, combining
the results of said measurable signals obtained from said
first, second and third primer sets together and 1dentifying
samples 1n which the same measurable signal 1s detected 1n
all three primer sets to determine the genotype of said
population.

3. The method of claim 1, further comprising transform-
ing at least one L. coli with a plasmid comprising said {first
target nucleotide sequence and a second E. coli with a
plasmid comprising said second target sequence and extract-
ing said plasmids from said E. coli, producing a first control
plasmid comprising said first target sequence, a second
control plasmid comprising said second target sequence and
a third control plasmid mixture comprising a 1:1 mixture of
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plasmids of said first and second control target sequence,
contacting said control plasmids with said primers and
cassette and comparing measurable signal of said control
plasmids to measurable signal produced from said samples.

4. The method of claim 1, further comprising selecting a
method of controlling plants of said population that reduces
growth of a higher number of said hybrid and/or Myriophyi-
[um spicatum plants than when said hybrid plants and/or
Myriophyvllum spicatum plants are not detected.

5. The method of claim 1, further comprising increasing,
the application rate of herbicide and/or changing said her-
bicide applied to said population of Myriophylium when said
population comprises hybrid and/or Myriophylium spicatum
plants.

6. The method of claim 1, wherein said target region
comprises at least one sequence within the nuclear ribo-
somal internal transcribed spacer region of said Myriophy!-
[um genome.

7. A process for determining the genotype of a population
of plants, plant parts or plant tissue, the process comprising

a) providing a first primer set comprising,

(1) a first primer recogmzing a first target nucleotide
sequence 1n the genome of a plant genus specific to
a first species and further comprising a {irst reporter
sequence;

(11) a second primer recognizing a second target nucleo-
tide sequence in the genome of said plant genus
specific to a second species or group of species and
turther comprising a second reporter sequence; and

(111) a third primer recognizing a third target nucleotide
sequence 1n the genome of both said first and second
species;

b) providing a cassette comprising sequences comple-
mentary to said first and second reporter sequences
which when bound said first or second primer releases
a first or second reporter molecule;

¢) obtaining samples comprising DNA from said plurality
of plants, plant parts or plant tissue in said population;

d) contacting said fi primer set and said cassette with said
samples under conditions such that said primers bind to
and amplily any of said nucleotide sequences in said
samples recognized by said primers, and when bound
to said recognized nucleotide sequence results 1n said
reporter molecule generating a measurable signal; and

¢) detecting the presence or absence of measurable signal
and determining if said sample DNA 1n each of said
samples comprises DNA of said first species, second
species, or a hybrid of said first and second species to
determine the genotype of said population.

8. The method of claim 7, wherein said process 1s repeated

with a second and third primer sets, each of said first, second
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and third primer sets different from each other and i1denti-
tying samples combining the results of said measurable
signals obtained from said first, second and third primer sets
together and 1dentifying samples in which the same mea-
surable signal 1s detected 1n all three primer sets to determine
the genotype of said population.

9. The method of claim 7, further comprising transform-
ing at least one L. coli with a plasmid comprising said {first
target nucleotide sequence and a plasmid comprising said
second target sequence and extracting said plasmids of said
first and second target sequences from said £. coli, produc-
ing a first control plasmid comprising said first target
sequence, a second control plasmid comprising said second
target sequence and a third control plasmid mixture com-
prising a 1:1 mixture of plasmids comprising said first and
second control target sequence, contacting said control plas-
mids with said primers and cassette and comparing measur-
able signal of said control plasmids to measurable signal
produced from said samples.

10. The method of claim 7, wherein at least one of said
species 1s a weed species, and further comprising selecting
a method of controlling plants of said population that
reduces growth of a higher number of said hybrid and/or
weed species plants than when said hybrid plants and/or said
weed species plants are not detected.

11. The method of claim 7, wherein at least one of said
species 1s a weed species and further comprising increasing
the application rate of herbicide and/or changing the herbi-
cide applied to said population of plants when said popula-
tion comprises hybrid plants and/or weed species plants.

12. The method of claim 7, wherein said {first species 1s
selected from Amaranthus palmeri (A. palmeri) or Amaran-
thus tuberculatus (A. tuberculatus) and said second group of
species comprises Amaranthus species other than 4. palmeri
where said first species 1s 4. palmeri, or Amaranthus species
other than A. tuberculatus where said first species 1s A.
tuberculatus, and determining 11 said population of plants or
seed 13 comprises A. palmeri or A. tuberculatus.

13. The method of claim 7, wherein said first species 1s
selected from Myriophyllum spicatum or Amaranthus palm-
eri and said second species 1s selected from Myriophylium
sibivicum or Amaranthus tuberculatus.

14. A method of controlling a population of plants, said
method comprising,

a) determining genotype of said population comprising,

(1) providing a first primer set comprising,

(a) a first primer recognizing a {irst target nucleotide
sequence 1n the genome of a plant genus specific to
a first species and further comprising a first reporter
sequence;

(b) a second primer recognizing a second target nucleo-
tide sequence in the genome of said plant genus
specific to a second species and further comprising a
second reporter sequence; and

(¢) a third primer recognizing a third target nucleotide
sequence 1n the genome of both said first and second
species;

(11) providing a cassette comprising sequences comple-
mentary to said first and second reporter sequences
which when bound to said first or second primer
releases a first or second reporter molecule;

(111) obtaining samples comprising DNA from a plurality
of plants 1n said population of plants;
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(1v) contacting said first primer set and said cassette with
said samples under conditions such that said primers
bind to and amplily any of said nucleotide sequences in
said samples recognized by said primers, and when
bound to said recognized nucleotide sequence results 1n
said reporter molecule generating a measurable signal;
and

(v) detecting the presence or absence of measurable signal
and determining 11 said sample DNA 1n of said samples
comprises DNA of said first species, second species, or
a hybrid of said first and second species to determine
the genotype of said population; and

b) determining 11 said population has hybrid plants and/or
plants that are a weed species and when said hybnd
and/or weed species are present in said population,
selecting a method of controlling plants of said popu-

lation that reduces growth of a higher number of said

hybrid and/or weed species plants than when said
hybrid plants and/or weed species plants are not pres-
ent.

15. The method of claim 14, further comprising deter-
mining 1i there are more hybrid plants than non-hybnd
plants and/or more weed species plants than non-weed
species plants 1n said population.

16. The method of claim 14, wherein said method of
control comprises application of herbicide and increasing
application of said herbicide and/or selection of said herbi-
cide that controls said hybrid and/or weed species where
said hybrid and/or weed species are detected.

17. The method of claim 14, wherein said first species 1s
selected from Amaranthus palmeri (A. palmeri) or Amaran-
thus tuberculatus (A. tuberculatus) and said second group of
species comprises Amaranthus species other than 4. palmeri
where said first species 1s A. palmeri or Amaranthus species
other than A. tuberculatus where said first species 1s A.
tuberculatus and determining 1f said population of plants or
seed comprises A. palmeri or A. tuberculatus.

18. The method of claim 14, wherein said first species 1s
selected from Myriophyvlium spicatum or Amaranthus palm-
eri and said second species 1s selected from Myriophyiilum
sibivicum or Amaranthus tuberculatus.

19. The method of claim 1, further comprising selecting
said first, second and third target species that, when present
in a plant, are co-inherited.

20. The method of claim 1, wherein said genotype of said
population 1s determined by converting said measurable
signal to a data point and conducting linear discriminant
analysis to determine the genotype of said population.

21. The method of claim 7, wherein said genotype of said
population 1s determined by converting said measurable
signal to a data pomnt and conducting linear discriminant
analysis to determine the genotype of said population.

22. The method of claim 14, wherein said genotype of
said population 1s determined by converting said measurable
signal to a data point and conducting linear discriminant
analysis to determine the genotype of said population.

23. The method of claim 3, wheremn said first target
sequence comprises three single nucleotide polymorphisms
(SNPs) of said M. spicatum, said second target sequence
comprising three SNPs of said M. sibiricum.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,963,750 B2 Page 1 of 1
APPLICATION NO. : 15/589172

DATED : May 8, 2018

INVENTORC(S) : Kallie C. Kessler et al.

It is certified that error appears In the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In Column 54, Claim 7, Line 55:
DELETE “fi” before primer
INSERT --first--

In Column 55. Claim 12, Line 38:
DELETE “13” after seed

In Column 56, Claim 14, Line 9:
INSERT --each-- between “in” and “of”

Signed and Sealed this
T'wenty-eighth Day ot August, 2018

Andrei Iancu
Director of the United States Patent and Trademark Office
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